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The American Urological Association/Society of Urodynamics Female Pelvic Medi- 
cine and Urogenital Reconstruction Adult Urodynamics Guideline was published 
with the intent of guiding the clinician in the role of urodynamics in the evaluation 
and management of complex lower urinary tract conditions. This article examines 
each guideline statement and attempts to provide clinical context for each state- 
ment. Key points are emphasized in the form of clinical case scenarios, which 
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Urodynamics (UDS) is the dynamic study of the storage and voiding function of the 
urinary tract. The goal of the UDS study is to identify the cause of a patient’s voiding 
symptoms, assess prognosis or the results of prior therapy, or direct management 
by collecting quantitative measurements while reproducing the patient’s voiding 
symptoms where appropriate and possible. Several parts of the UDS study are 
customized for each individual to maximize the utility of the test. This article sum- 
marizes the key points to performing a quality UDS study that can evaluate and 
diagnose disorders of the lower urinary tract. 
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using urodynamics to measure Valsalva leak point pressure and maximal urethral 
closure pressure. The diagnosis can be difficult to reach given natural discrepancies 
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tinence. By standardizing urodynamic methodologies and interpretations to better 
diagnosis women with ISD, it may be possible to improve preoperative planning 
and outcomes for these patients treated surgically with synthetic midurethral slings. 
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reviews current literature and guidelines outlining the indications for obtaining this 


viii 


Contents 


specialized study as well as technique. Appropriate and judicious use of fluoro- 
urodynamics lends to improved diagnostic acumen in a well-selected patient 
population; however, clinicians must be mindful of the added cost, safety concerns, 
and limitations of its use. 


Urodynamics in Stress Incontinence: When Are They Necessary and How Do 
We Use Them? 


Lysanne Campeau 


Stress urinary incontinence is a prevalent condition that significantly impairs the 
quality of life. This article presents a critical summary of the current literature on 
the use and value of urodynamic studies in the evaluation of stress urinary in- 
continence in women. 
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In this article, the value of urodynamic studies in the evaluation of treatment of male 
lower urinary tract symptoms is appraised based on current evidence. The informa- 
tion gained by urodynamics can be a valuable tool for counseling patients con- 
sidering invasive outlet reduction procedures. 
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The routine use of preoperative urodynamics in the woman considering surgery for 
pelvic organ prolapse is a topic of much debate. This article addresses the use of 
urodynamics in patients with pelvic organ prolapse. It specifically discusses the util- 
ity of urodynamics in the evaluation stress incontinence on prolapse reduction 
(occult stress urinary incontinence) as well as concomitant storage and voiding 
symptoms in these patients. 


Urodynamics for Postprostatectomy Incontinence: When Are They Helpful and 
How Do We Use Them? 
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Urodynamics is indicated for the evaluation of postprostatectomy incontinence un- 
less an artificial urinary sphincter placement is the preferred option, as in cases of 
severe incontinence, prior radiation, or previous male sling or artificial urinary 
sphincter placement—when male sling is unlikely to achieve efficacy. Urodynamics 
should be performed only when there is a question it can answer that would affect 
treatment choice or outcome. Urodynamic findings of detrusor underactivity, over- 
activity, and reduced compliance are important considerations in deciding how 
best to treat postprostatectomy incontinence. 
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Urodynamics remains the test of choice to evaluate lower urinary tract symptoms 
in men and women. Best practices recommend that urodynamics be applied 
to answer a specific urodynamic question. Recent level 1 evidence shows that 
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urodynamics is not necessary for the evaluation of pure clinical stress urinary incon- 
tinence. Urodynamics is also not needed before conservative treatment of overac- 
tive bladder. Urodynamics still has an important role in the evaluation of mixed 
urinary incontinence and voiding lower urinary tract symptoms. The information ob- 
tained assists the clinician in confirmation of the diagnosis, counseling the patient, 
and choosing treatment. 
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Benjamin E. Dillon and Gary E. Lemack 


Multiple sclerosis (MS) is an autoimmune inflammatory disease that results in 
damage to the myelin sheaths of the nerves in the central nervous system. Urinary 
urgency, frequency, and urgency incontinence are the most common symptoms, 
occurring in 37% to 99% of patients. Voiding symptoms (hesitancy, feeling of in- 
complete bladder emptying, and occasionally urinary retention) are also common 
in this population, occurring in 34% to 79% of patients. Traditionally, filling cystom- 
etry combined with pressure/flow studies has been a cornerstone of the initial eval- 
uation of all patients with neurogenic lower urinary tract dysfunction, although 
recently that practice has been challenged. 
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Teresa L. Danforth and David A. Ginsberg 


Neurogenic lower urinary tract dysfunction (NLUTD) affects many patients and re- 
quires close monitoring. Initial studies establishing patients at risk for upper tract 
disease revealed that high detrusor leak point pressures were predictive of upper 
tract disease. Urodynamics in patients with NLUTD have specific challenges. Initial 
studies in patients after an acute injury should be delayed until after the spinal shock 
phase. In children with spinal dysraphism, studies should be done early to estab- 
lished potential risk. The goals are maintaining low bladder pressures, decreasing 
risk of infection, and maintaining continence. 
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Sylvester E. Onyishi and Christian O. Twiss 


Index 


There are well established pressure flow criteria and nomograms for urinary ob- 
struction in men. The pressure flow criteria for female urinary obstruction are not 
well established due to differences in female voiding dynamics as compared to 
men. Typically, other information such as radiographic data and clinical symptoms 
are needed to facilitate the diagnosis. Detrusor underactivity remains a poorly stud- 
ied clinical condition without definitive urodynamic diagnostic criteria. Modalities 
proposed for objective analysis of detrusor function such as power (watt) factor, 
linear passive urethral resistance relation and BCI nomogram were all developed 
to analyze male voiding dysfunction. Overall, further investigation is needed to 
establish acceptable urodynamic criteria for defining detrusor underactivity in 
women. 
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e Neurogenic bladder 


KEY POINTS 


e Inwomen with stress urinary incontinence (SUI), urodynamics (UDS) is an option in the preoperative 


assessment. 


e If UDS is performed, urethral function should be measured. 
e In patients with urinary urgency incontinence and mixed incontinence, the absence of detrusor 
overactivity (DO) on a single urodynamic study does not exclude it as a causative agent for their 


symptoms. 


e Patients with relevant neurogenic conditions (at risk for upper tract complications) should undergo 
multichannel cystometrogram or pressure flow study (PFS) whether they have symptoms or not. 


INTRODUCTION 


UDS has long been considered a useful tool for the 
diagnosis and treatment of lower urinary tract 
symptoms (LUTS), incontinence, voiding dysfunc- 
tion, and neurogenic bladder. There has been 
recent controversy regarding the specific role of 
UDS. The Value of Urodynamic Education (ValUE) 
trial reported no improvement in 12-month out- 
comes between women with stress-predominant 
urinary incontinence randomized preoperatively 
to an office evaluation alone versus office evalua- 
tion plus preoperative UDS. However, diagnoses 
were changed in some patients who underwent 
UDS, as the surgeons were more likely to diagnose 
intrinsic sphincteric deficiency and less likely to di- 
agnose overactive bladder (OAB), suggesting that 
UDS did change the clinician's diagnosis before 
surgery.' The utility of pressure-flow studies 


The only way to accurately diagnose bladder outlet obstruction (BOO) is by PFS. 


(PFS) in men before surgery for LUTS secondary 
to benign prostatic enlargement has long been 
debated. The American Urological Association 
(AUA) and the Society of Urodynamics Female Pel- 
vic Medicine and Urogenital Reconstruction 
(SUFU) published guidelines for the use of UDS 
in adults, and this article reviews this update and 
places these findings in clinical perspective. 
Traditionally, physicians have used UDS for the 
following scenarios: (1) to identify factors contrib- 
uting to lower urinary tract dysfunction and assess 
their relevance, (2) to predict the consequences of 
lower urinary tract dysfunction on the upper tracts, 
(3) to predict the consequences and outcomes of 
therapeutic intervention, (4) to confirm and/or un- 
derstand the effects of interventional techniques, 
and (5) to investigate the reasons for treatment fail- 
ure. Because pretesting anxiety and urethral 
catheterization is necessary for some forms of 
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UDS, the risks (bleeding, infection, urethral 
trauma, and pain) should be weighed with the po- 
tential benefits. UDS is not a static diagnostic ex- 
amination that provides a diagnosis for lower 
urinary tract conditions. UDS is an interactive ex- 
amination, which assesses lower urinary tract 
function and serves as an adjunct to the compre- 
hensive evaluation of patients with LUTS. In most 
patients presenting with lower urinary tract disor- 
ders, UDS is usually not necessary in the routine 
initial evaluation or even before empiric treatment 
in most cases. The clinician should always formu- 
late the urodynamic questions before any exami- 
nation. The physician should always ask, “What 
am | hoping to gain from this test? What conditions 
do | need to assess during UDS testing? What 
symptoms need to be reproduced during the ex- 
amination? And, will this test likely change my 
treatment plan?” If the physician cannot answer 
these questions and ensure that the patient com- 
plaints are reproduced, it is unlikely that the testing 
will be beneficial.° 

The AUA/SUFU Urodynamics Guideline in adults 
reviewed publications from January 1990 through 
March 2011 with focus on the use of postvoid re- 
sidual (PVR), uroflowmetry, cystometry, PFS, vid- 
eourodynamic studies (VUDS), electromyography 
(EMG), and urethral function tests (Valsalva leak 
point pressure [VLPP], urethral pressure profile). 
These UDS tests were evaluated by themselves 
or if used in combination with any other UDS 
test. Four lower urinary tract conditions were 
assessed: stress incontinence and pelvic organ 
prolapse (POP), urinary urgency and urgency 
incontinence, LUTS (comprising predominately 
obstructive symptoms), and neurogenic bladder. 
The role of UDS in these urinary conditions was 


Table 1 
AUA nomenclature system 


evaluated in 4 categories: diagnosis, prognosis, 
clinical management decisions, and patient out- 
comes. Studies that did not report findings sepa- 
rately for men and women were excluded. The 
AUA methodology for Guidelines Statements was 
used. Each guideline statement is based on the 
strength of the evidence and is standard in the 
AUA Guidelines process.®” The nomenclature sys- 
tem for establishing guideline statement based on 
levels of evidence is included in Table 1. 

These guidelines offer guidance statements with 
attention given to certain clinical scenarios, repre- 
sented by the various lower urinary tract conditions 
within the guideline. The guideline statements re- 
present the role of UDS in the evaluation in man- 
agement of patients with these urinary disorders. 
Thus, the intent of this guideline is that following a 
symptom assessment, physical examination, and 
incontinence assessment, physicians can deter- 
mine which scenario, and thus which recommenda- 
tion, fits their patient. These differences in clinical 
presentation often guide the decision of whether 
UDS is indicated or not. Taking the guidelines into 
consideration, it is ultimately the physician’s deci- 
sion regarding what is best for each patient. 

There are a total of 19 Guidelines Statements in 
each of the 4 clinical conditions. This article pre- 
sents each Guideline Statement and offers clinical 
context and case scenarios. 


STRESS URINARY INCONTINENCE AND PELVIC 
ORGAN PROLAPSE 


1. Clinicians who are making the diagnosis of uro- 
dynamic stress incontinence should assess 
urethral function. (Recommendation; Evidence 
Strength: Grade C) 


Statement Type: Definition Evidence Strength 


Standards: Directive statements that an action should (benefits 


Grade A or B 


outweigh risks/burdens) or should not (risks/burdens outweigh 


benefits) be undertaken 


Recommendations: Directive statements that an action should 


Grade C 


(benefits outweigh risks/burdens) or should not (risks/burdens 


outweigh benefits) be undertaken 


Options: Nondirective because the balance between benefits and 


Grade A, B, or C 


risks/ourdens seems equal or unclear 


Clinical Principle: Statement about a component of clinical care that 
is widely agreed upon by urologists or other clinicians 


Expert Opinion: Statement achieved by consensus of the Panel that 
is based on members’ clinical training, experience, knowledge, 


and judgment 


Insufficient publications to 
address certain questions 
from an evidence basis 


There may be no 
evidence 


A. During multichannel UDS testing, all the 
instrumentation is in place to assess ure- 
thral function (without additional proce- 
dures). The assessment of urethral 
function is performed by the following tests: 
i. Urethral pressure profilometry/maximal 
urethral closure pressure 

ii. Abdominal leak point pressure (ALPP) 
(Valsalva/cough leak point pressure)— 
this measurement is easily obtained dur- 
ing demonstration of urodynamic SUI. 

B. Because some treatments have been shown 
to be less effective in patients with poor ure- 
thral function,®“'° it is recommended that 
urethral function be evaluated when UDS 
has been determined beneficial in the preop- 
erative evaluation of SUI. In surgeons per- 
forming midurethral sling procedures, there 
are data suggesting that a retropubic sling 
is more effective in patients with intrinsic 
sphincteric deficiency.'' Thus, there may be 
benefit in the assessment of urethral function 
in patients already selected for UDS before 
surgical intervention to help decide which 
procedure may be most effective. 


2. Surgeons considering invasive therapy in pa- 


tients with SUI should assess PVR urine vol- 

ume. (Expert Opinion) 

A. Although the exact threshold for elevated 
PVR is not clearly defined, it seems prudent 
that before performing surgery for SUI, 
which will have an effect on outlet function, 
a PVR assessment should be performed to 
provide information on the emptying status 
before surgery. The PVR assessment is 
safe, of little risk, and serves as a screen 
for disorders of emptying that may be identi- 
fied preoperatively. In addition, this value 
can be a useful comparison in patients who 
develop emptying symptoms after surgery. 

B. Usually, more than one PVR value should be 
obtained, and an elevated PVR should 
prompt further testing. 

. Clinicians may perform multichannel UDS in 

patients with both symptoms and physical find- 

ings of SUI who are considering invasive, 
potentially morbid, or irreversible treatments. 

(Option; Evidence Strength: Grade C) 

A. Information obtained from a UDS study 
before surgery can confirm the diagnosis 
and as stated earlier may facilitate selection 
of the surgical procedure. In addition, these 
studies may provide other confounding data 
(DO or impaired contractility) that may 
enhance preoperative counseling. Although 
it is routinely accepted as an option in the 
evaluation of an uncomplicated case of 
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SUI, preoperative UDS can be considered 
to obtain additional information. Although 
studies have not shown improved outcomes 
with the addition of UDS to the preoperative 
evaluation, diagnoses and treatment deci- 
sions were altered in some cases. '''2 

B. In complex, complicated patients, preoper- 
ative UDS may be particularly helpful. These 
recommendations are congruent with the 
AUA Guidelines in the Surgical Management 
of SUI. That Guideline listed several indica- 
tions for further UDS testing, including the 
inability to make a definitive diagnosis 
based on symptoms and initial evaluation; 
the presence of mixed incontinence; prior 
surgery to the urinary tract, including anti- 
incontinence procedures; known or sus- 
pected neurogenic bladder; negative stress 
test; elevated PVR; grade Ill or greater POP; 
and any evidence of dysfunctional voiding 
(Table 2).'° 


4. Clinicians should perform repeat stress testing 


with the urethral catheter removed in patients 

suspected of having SUI who do not demon- 

strate this finding with the catheter in place dur- 
ing UDS. (Recommendation; Evidence 

Strength: Grade C) 

A. Some patients who complain of SUI or 
demonstrate SUI on examination may not 
leak during UDS with the catheter in place. 
It is recommended that these women should 
have their urethral catheter removed and 
stress testing repeated without the catheter 
in place. More than 50% of women with SUI 
symptoms and up to 35% of men with post- 
prostatectomy incontinence who do not 
demonstrate SUI with the urethral catheter 
in place do so when it is removed. '*:!° 
i. In practice, the voiding study (PFS) is per- 

formed with the catheter in place, the 
bladder is filled with this catheter, and 
the catheter is removed for the attempt at 
demonstrating SUI with the catheter 
removed. Alternatively, the catheter is 
removed, SUI is demonstrated with the 
catheter out, and an uncontaminated 
catheter is replaced for completion of PFS. 


5. In women with high-grade POP but without the 


symptom of SUI, clinicians should perform 
stress testing with reduction of the prolapse. 
Multichannel UDS with prolapse reduction 
may be used to assess for occult stress incon- 
tinence and detrusor dysfunction in these 
women with associated LUTS. (Option; Evi- 
dence Strength: Grade C) 
A. Patients with high-grade anterior and mid- 
dle compartment prolapse should undergo 
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Table 2 
Clinical case scenario 1 (SUI) 


42-y-Old with Chief Complaint of SUI 42-y-Old with Chief Complaint of SUI 


Symptoms: 
Leaks with exertion 
Denies difficulty emptying 


Symptoms: 
Leaks with exertion 
Denies difficulty emptying 


No urgency symptoms or UUI Has moderate urgency without UUI 


History: 
No prior GU surgery 


History: 
Previous bladder lift 


No comorbidity No comorbidity 


Physical examination: 
Urethral hypermobility 
No prolapse 
1 Stress test 
PVR 20 mL 


Physical examination: 
Urethral hypermobility 
No prolapse 
1 Stress test 
PVR 20 mL 


Recommendation: 


Recommendation: 


Discussion of treatment options Pressure flow studies with ALPP assessment 


Discussion: 

In this patient, the scenario is that of 
uncomplicated SUI symptoms with a normal 
PVR and positive stress test result. It is 
reasonable in this scenario to proceed to 
discussion of treatment options including 
surgery without UDS tests 


Discussion: 

In this patient, the scenario is that of complex 
storage symptoms of urgency and SUI. In 
addition, a previous procedure was 
performed. This scenario is more 
complicated, and preoperative UDS may be 
helpful. When doing UDS in this complex 
setting, urethral function should be 
measured 


Abbreviations: GU, genitourinary; UUI, urgency urinary incontinence. 


stress testing with the prolapse reduced. In 
these patients without LUTS, a stress test 
without the prolapse is all that may be 
needed, if the decision to repair the pro- 
lapse has been made. In women with 
concomitant LUTS, this may be performed 
during multichannel UDS testing to evaluate 
these symptoms. '° 

B. There are a significant number of women 
who have occult SUI (stress incontinence 
demonstrated after reduction of the pro- 
lapse) detected, and surgical intervention 
for SUI should be considered in these 
patients.'7'1® 

C. Those performing prolapse reduction 
should be mindful that the instruments 
used to reduce prolapse (pessary, vaginal 
pack, or ring forceps) can produce BOO 
by compressing the urethra, which may 
mask SUI or increase VLPP (Table 3). 


OVERACTIVE BLADDER, URGENCY URINARY 
INCONTINENCE, MIXED INCONTINENCE 


1. Clinicians may perform multichannel filling 
cystometry when it is important to determine 
if altered compliance, DO, or other urodynamic 


abnormalities are present (or not) in patients 

with urgency incontinence in whom invasive, 

potentially morbid, or irreversible treatments 
are considered. (Option; Evidence Strength: 

Grade C) 

A. Filling cystometry is the most precise way to 
obtain information relative to bladder stor- 
age. In patients with urinary storage symp- 
toms, such as urgency and frequency, 
cystometry is the most appropriate way to 
assess storage and filling pressures. 

B. Although UDS may not precisely predict 
outcomes of treatment, it may aide in symp- 
tom correlation in patients with mixed 
incontinence. 19:20 

C. Ifa patient has concomitant disorders, such 
as failed medical management of OAB, SUI, 
or BOO, identifying and treating these con- 
ditions could possibly improve patient 
outcome. 


2. Clinicians may perform PFS in patients with ur- 


gency incontinence after bladder outlet proce- 

dures to evaluate for BOO. (Expert Opinion) 

A. Patients who have undergone anti- 
incontinence procedures and have refractory 
OAB symptoms (with or without inconti- 
nence) may have these symptoms resulting 


Table 3 
Clinical case scenario 2 (POP) 
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77-y-Old with Chief Complaint of Vaginal Bulge 77-y-Old with Chief Complaint of Vaginal Bulge 


History: 
Failed pessary x 3 
Denies SUI or urgency 
Denies difficulty emptying bladder 
Not sexually active 
S/p hysterectomy 


History: 


Failed pessary x 3 

Denies SUI, 11 urgency 

1 Moderate difficulty emptying bladder 
Not sexually active 

S/p hysterectomy 


MI 2 y ago MI 2 y ago 


Physical examination: 
Total prolapse 
Cuff at 1 6 


POPQ Stage 4 
PVR 48 mL 
Recommendation: 
Stress test with prolapse reduction 


Discussion: 

In this scenario, this patient has no associated 
LUTS or SUI. If the decision has been reached 
to perform POP surgery because of 
bothersome prolapse symptoms, a stress test 
with the prolapse reduced will reveal 
whether patient is at significant risk for 
postoperative occult SUI. Multichannel UDS 
is optional if all of the necessary information 
has been obtained during this testing 


Physical examination: 


Total prolapse 
Cuff at 1 6 
POPQ Stage 4 
PVR 48 mL 


Recommendation: 


UDS including pressure flow study with ALPP 
assessment after prolapse reduction 


Discussion: 


In this patient, there is associated storage 
symptoms such as urgency, and there are 
emptying LUTS as well. This complex 
constellation of symptoms may be better 
assessed with UDS, and the stress testing 
with prolapse reduction can be performed in 
this setting. Thus, all the desired information 
pertaining to LUTS and whether or not 
occult SUI will be obtained 


Abbreviations: MI, myocardial infarction; POPQ, pelvic organ prolapse quantification; S/p, status post. 


from BOO. Although there is no established 
urodynamic standard for women, elevated 
detrusor pressure and decreased flow are 
highly suggestive of BOO. This information 
could then be used to counsel patients 
regarding further treatment options. 

i. Consistent and perpetual elevated PVR 
after SUI surgery and significant change 
in LUTS after outlet procedure are so sug- 
gestive of BOO that UDS is likely unnec- 
essary, and treatment of obstruction 
should be considered. 

B. It is reasonable to perform PFS on women 
with storage LUTS not responding to con- 
servative treatments to rule out the possibil- 
ity of BOO. 

. Clinicians should counsel patients with urgency 
incontinence and mixed incontinence that the 
absence of DO on a single urodynamic study 
does not exclude it as a causative agent for 
their symptoms. (Clinical Principle) 

A. The technical limitations of urodynamic tests 
do not allow for the detection of DO (the 
urodynamic finding of involuntary contrac- 
tions of the bladder) in some patients, despite 
level of symptomatology. Because of these 


limitations, it is recommended that testing 
be performed in such a way that symptoms 
be replicated as precisely as possible. 


NEUROGENIC BLADDER 


1. Clinicians should perform PVR assessment, 


either as part of complete urodynamic study or 

separately, during the initial urologic evaluation 

of patients with relevant neurologic conditions 

(eg, spinal cord injury, myelomeningocele) and 

as part of ongoing follow-up when appropriate. 

(Standard; Evidence Strength: Grade B) 

A. The Panel defines relevant neurologic con- 
ditions as those neurogenic disorders of 
lower urinary tract dysfunction that may pre- 
dispose a patient to upper tract complica- 
tions or renal impairment (Table 4).?1-?3 

B. Although PVR alone may not provide all the 
information necessary to make a treatment 
recommendation, it can be helpful in deter- 
mining if further testing is indicated. 


. Clinicians should perform a complex cystome- 


trogram (CMG) during initial urologic evaluation 
of patients with relevant neurologic conditions 
with or without symptoms and as part of 
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Table 4 
Classification of common neurogenic lower 
urinary tract conditions by upper tract risk 


Other NLUT 
Disorders (Little Risk 
of Upper Tract 


Relevant NLUT 
Disorders (Risk of 
Upper Tract 


Complication) Complication) 


Spinal cord injury Parkinson disease 
Transverse myelitis Brain tumor 


Cerebrovascular 
accident 


Radical pelvic surgery Lumbar disc disease 
Men with multiple Women with 
sclerosis multiple sclerosis 
Radical pelvic surgery 
Any NGB disorder 
with upper tract 
complications 


Myelomeningocele 


ongoing follow-up when appropriate. In patients 

with other neurologic diseases, physicians may 

consider CMG as an option in the urologic eval- 
uation of patients with LUTS. (Recommenda- 

tion; Evidence Strength: Grade C) 

A. In patients presenting with neurogenic lower 
urinary tract (NLUT) disorders, patients with 
relevant conditions that may predispose 
them to upper tract risk should undergo a 
PFS (or cystometry if not voiding) despite 
whether or not they are having symptoms. 
In these patients, the initial study should be 
performed after the period of spinal shock 
has resolved. In these patients, the UDS is 
not only diagnostic but also prognostic.?°:74 
i. In patients with relevant NLUT disorder 

with poor compliance or elevated detru- 
sor leak point pressures on UDS, treat- 
ment needs to be directed at lowering 
urinary storage pressure even in the 
absence of symptoms. 

ii. Risks of infection and autonomic dysre- 
flexia (AD) should be considered before 
proceeding with UDS in this patient 
population. 


3. Clinicians should perform PFS in patients with 


relevant neurologic disease with or without symp- 

toms or in patients with other neurologic disease 

and elevated PVR or urinary symptoms. (Recom- 

mendation; Evidence Strength: Grade C) 

A. In patients with NLUT disorders that pose 
minimal upper tract risk, multichannel UDS 
(PFS or cystometry if not voiding) may be 
used selectively if there are symptoms or 
signs that suggest failure of empiric treat- 
ment, change in the bladder condition, or 


that a more complicated clinical picture 

has evolved. 

i. Thus multichannel studies should be 
performed on any patient with NLUT dis- 
order with any of the following condi- 
tions: elevated PVR, hydronephrosis, 
pyelonephritis, complicated urinary tract 
infections, or frequent episodes of AD. 

ii. Patients who continue to leak involun- 
tarily between catheterizations may 
benefit from multichannel UDS. 

iii. Benign prostatic hyperplasia, OAB, and 
SUI can coexist in patients with neuro- 
genic bladder (NGB). UDS may aid in diag- 
nosis and may help guide potential therapy 
and monitor treatment outcomes.7°*’ 


. When available, clinicians may perform fluoros- 


copy at the time of UDS, VUDS, in patients with 

relevant neurologic disease at risk for NLUT 

dysfunction or in patients with other neurologic 
disease and elevated PVR or urinary symp- 
toms. (Recommendation; Evidence Strength: 

Grade C)**:28 

A. Benefits of fluoroscopy during UDS include 
the following: 

i. Delineating specific sites of obstruction 
(bladder neck or external sphincter) 
ii. Identifying the presence and grade of 
vesicoureteral reflux 
1. Identifying the urodynamic parame- 
ters that are present at the time of 
reflux 
iii. Identifying anatomic and physical abnor- 
malities of the bladder and urethra. 

B. Simultaneous fluoroscopy and cystometro- 
gram and PFS provide more information 
than that gathered from performing each 
test separately. 


. Clinicians should perform EMG in combination 


with CMG with or without PFS in patients with 

relevant neurologic disease at risk for NGB or 

in patients with other neurologic disease and 

elevated PVR or urinary symptoms. (Recom- 

mendation; Evidence Strength: Grade C)*°:*° 

A. The most important measurement provided 
by EMG testing is to determine whether 
perineal contractions are coordinated or un- 
coordinated with detrusor contractions. This 
testing modality is useful to assist in the 
diagnosis of detrusor external sphincter 
dyssynergia (DESD). 

i. The major limitation to EMG testing is its 
nonspecific nature, as EMG signals mea- 
sure not only the external urethral 
sphincter but also the external anal 
sphincter and pelvic floor musculature. 
Needle electrodes may facilitate isolation 


of the urethral sphincter but require sig- 
nificant operator experience. 

ii. The EMG signals need to be taken in 
context of those gathered from fluoros- 
copy and UDS. 

iii. Benefits include the ability to diagnose 
DESD, which is characterized by invol- 
untary contraction of external urethral 
sphincter during detrusor contraction 
(Table 5) 


LOWER URINARY TRACT SYMPTOMS 
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i. This test may identify patients with signif- 
icant urinary retention, and treatment is 
guided based on these findings along 
with the clinical assessment. 

B. PVR measurement is enhanced by more 
than 1 test, as the results may be variable. 
Treatment should not be guided by 1 PVR 
measurement alone. 

C. An elevation in PVR does not distinguish 
between BOO or impaired bladder contrac- 
tility. Further testing (PFS) may be needed to 
make this distinction. 


. Uroflow may be used by clinicians in the 


For the purposes of the UDS Guideline, LUTS was 
confined to obstructive LUTS, because the role of 
UDS was examined in the area of storage LUTS in 
the section on urinary urgency and urgency 
incontinence. 


initial and ongoing evaluation of men with LUTS 
that suggest an abnormality of voiding/ 
emptying. (Recommendation; Evidence 
Strength: Grade C) 

A. Similar to PVR, uroflow represents a nonin- 


1. Clinicians may perform PVR in patients with vasive screen of bladder emptying status. 


LUTS as a safety measure to rule out significant 
urinary retention both initially and during 
follow-up. (Clinical Principle) 

A. Most would agree that PVR measurement 
(particularly when done by ultrasonography) 
is a low-risk and minimally invasive assess- 
ment, which may be useful in screening pa- 
tients with obstructive LUTS. 


This test is also subject to significant artifact 
and may have great variability, but it may be 
useful during the initial evaluation and can 
monitor patients who have undergone 
treatment.?':°2 

B. There are little data on the use of uroflow to 
provide guidance on its most appropriate 
use. 


Table 5 
Clinical case scenario 3 (NLUT dysfunction) 


22-y-Old Man with Chief Complaint of Urinary 47-y-Old Woman with Chief Complaint of 
Incontinence Between Catheterization Urinary Urgency and Urgency Incontinence 
History: History: 

Thoracic-level SCI MS dx'd 4 y ago 

Performs CIC 4-5 x daily No difficulty with emptying bladder 

Denies difficulty with catheterization No UTIs or pyelonephritis 

1 Incontinence between catheterization; no No prior surgery 

febrile UTIs 


Physical examination: 
Normal genitalia 


Physical examination: 
Normal genitalia 


Spastic lower extremities No prolapse 


Recommendation: Recommendation: 


Videourodynamics PVR followed by empiric therapy 
Discussion: Discussion: 

In this scenario, the patient has a spinal cord In this scenario, this female patient has 
injury, which places him at significant risk for minimal risk to predispose to upper tract 
the development of upper tract complications. In this setting, it is reasonable 
complications if left unmanaged. This to screen with a PVR assessment and proceed 
patient should undergo videourodynamics to empiric therapy. An elevation in her PVR, 
regardless of symptoms to evaluate his nonresponse to therapy, or an intervening 
upper tract risk. In addition, the LUT complication may warrant additional 
dysfunction predisposing to leakage multichannel UDS tests. However, in this 
between catheterizations can be delineated setting, screening and empiric treatment 
as well would be appropriate because of her 

minimal risk of upper tract complications 


Abbreviations: CIC, clean intermittent catheterization; MS, multiple sclerosis; UTI, urinary tract infection. 
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3. Clinicians may perform multichannel filling 


cystometry when it is important to determine 

if DO or other abnormalities of bladder filling/ 

urine storage are present in patients with 

LUTS, particularly when invasive, potentially 

morbid, or irreversible treatments are consid- 

ered. (Expert Opinion) 

A. The panel still believes that in certain pa- 
tients, the finding of significant DO or poor 
compliance on CMG could alter treatment 
recommendations or lead the physician to 
counsel the patient differently. 

i. Thus, the panel believes that in some pa- 
tients, CMG is an acceptable diagnostic 
study for the evaluation of patients with 
LUTS. 


. Clinicians should perform PFS in men when it is 


important to determine if urodynamic obstruc- 

tion is present in men with LUTS, particularly 

when invasive, potentially morbid, or irrevers- 

ible treatments are considered. (Standard; Evi- 

dence Strength: Grade B) 

A. The use of PFS in men as a routine diag- 
nostic test before elective surgery for 
benign prostatic enlargement remains a 


long-standing controversy. There are many 
studies that address this issue, and clearly 
the results are inconclusive. These answers 
are elusive as there are limitations in study 
design and variability of outcome measure- 
ment. Despite this, there are a significant 
number of trials demonstrating that PFS 
are predictive of outcomes after prostatec- 
tomy. The only definitive way to obtain a 
diagnosis of BOO is by PFS, which demon- 
strates high voiding pressure and low uri- 
nary flow.°?** 

B. There are also other concomitant findings 
(significant DO or poor compliance) that 
could alter treatment recommendations or 
lead the physician to counsel the patient 
differently before elective surgery.°° 

C. Itis clear that if the diagnosis is uncertain, or 
there is a complex presentation of LUTS in 
men, the only way to obtain an accurate 
diagnosis of obstruction is through PFS. In 
these patients, PFS should be performed. 

D. In other men presenting with uncomplicated 
obstructive LUTS, the only way to obtain ur- 
odynamic diagnosis of obstruction is by 


Table 6 
Clinical case scenario 4 


67-y-Old Man with Chief Complaint of LUTS 37-y-Old Man with Chief Complaint of LUTS 
Symptoms: Symptoms: 
1 Weak stream and intermittent flow 1 Weak stream and intermittent flow 
incomplete emptying urinary urgency incomplete emptying urinary urgency 
Failed medical management Failed medical management 


Physical examination: Physical examination: 


Moderately enlarged prostate Normal prostate 
Diagnostics: Diagnostics: 

Voided volume: 150 mL Voided volume: 150 mL 

Maximum flow: 9 mL/s Maximum flow: 9 mL/s 

PVR: 130 mL PVR: 130 mL 


Recommendation: Recommendation: 


Surgery (TURP or equivalent outlet procedure) VUDS and cystoscopy 
Discussion: Discussion: 

In this scenario, this gentleman has obstructive In this scenario, there are several factors that 
LUTS. His age, prostatic enlargement, and represent a complicated setting of male 
diagnostic studies strongly suggest (but do LUTS. This patient's young age and his small 
not definitively diagnose) obstruction. In prostatic size are not common in the 
this setting, proceeding to surgery is presentation of male LUTS. In this setting, a 
reasonable. Urodynamics is an option to diagnosis of obstruction should be sought 
evaluate for any other factors that may (and the only way to obtain the diagnosis of 
influence treatment or patient counseling obstruction is PFS). A cystoscopy should be 

considered to rule out anatomic 
abnormalities. Thus, in this complex 
scenario, PFS is recommended. VUDS should 
be considered to more precisely localize the 
level of obstruction 


Abbreviation: TURP, transurethral resection of the prostate. 


PFS. As discussed earlier, PVR and uroflow 
cannot determine if obstruction is present or 
not if interpreted alone. Thus, if a urody- 
namic diagnosis of obstruction is deemed 
necessary, the only way to do that is 
via PFS. 


5. Clinicians may perform PFS in women when it is 


important to determine if obstruction is present. 

(Recommendation; Evidence Quality: Grade C) 

A. Although studies have failed to correlate 
PFS findings with surgical outcome in 
women, the use of PFS is still considered 
beneficial in some women before interven- 
tion. In women with LUTS after anti- 
incontinence procedures or with significant 
obstructive symptoms, PFS may assist in 
obtaining the diagnosis of obstruction, 
which may influence management.°°°” 

B. The diagnosis of obstruction in women re- 
mains less straightforward than that in 
men, and PFS results should be taken in 
context with other clinical findings.°° °° 

. Clinicians may perform VUDS in properly 

selected patients to localize the level of 

obstruction, particularly for diagnosing primary 
bladder neck obstruction (PBNO). (Expert 

Opinion) 

A. VUDS evaluation (PFS with fluoroscopy) is 
useful in select women with LUTS. The use 
of VUDS is the only diagnostic tool that 
can document pressure/flow parameters 
and localize functional bladder-neck and 
external urethral sphincter anatomy. As 
such, these studies can differentiate be- 
tween PBNO, dysfunctional voiding, and 
DESD. 

i. Fluoroscopy is the only way to obtain the 
diagnosis of PBNO. The PFS findings of 
high voiding pressure and low urinary 
flow associated with radiographic confir- 
mation of a nonrelaxing (closed) bladder 
neck during voiding are necessary to di- 
agnose this rare condition (Table 6). 
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Keys to Performing A Quality UDS Study 
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KEYWORDS 
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KEY POINTS 


e The clinician should identify the clinical questions that the urodynamics (UDS) study is intended to 
answer, properly design. the study to.answer those. questions, and be able to adapt the study as 


necessary. 


e The UDS study should be performed interactively and with continuous communication with the 
patient to confirm that their symptoms have been reproduced. 

e Careful observation of signals is important to assess their qualitative and quantitative plausibility, 
such that artifacts can be recognized and corrected during the study. 

e The quality and results of the UDS study are operator-dependent and are only as good as the clini- 


cian who performs and interprets the study. 


e A well-done UDS study may be invaluable in the diagnosis of lower urinary tract conditions, or as- 
sessing prognosis and response to therapy, or directing management; however, a poorly done 


study may be misleading and potentially harmful. 


INTRODUCTION 


Urodynamics (UDS) is a collection of measure- 
ments of bladder, urethral, and pelvic floor muscle 
function with or without fluoroscopy (videourody- 
namics or VUDS) in an attempt to evaluate and di- 
agnose functional, and sometimes anatomic, 
disorders of the lower urinary tract. The goal of 
performing UDS studies in many cases is to repro- 
duce a patient’s lower urinary tract symptoms 
while making precise measurements to identify 
the underlying causes for their symptoms.' In 
other cases, UDS are performed to assess prog- 
nosis or the results of prior therapy or to direct 
optimal therapy. UDS studies are invasive, uncom- 
fortable, and potentially morbid. It is therefore 
imperative to optimize the quality of the study to 
maximize the useful information that can be 


Disclosures: None. 


obtained. When possible, UDS should be per- 
formed interactively with the patient, which in- 
cludes confirmation with the patient throughout 
the study that their symptoms or conditions have 
been reproduced during the test. 


COMPONENTS OF UDS 


UDS comprises different components that can be 
used individually or collectively to gain information 
about urine storage and evacuation. In performing 
a quality study, a working knowledge of each com- 
ponent and their role is important to understand. 


Postvoid Residual 


Postvoid residual (PVR) is an assessment of bladder 
emptying and can be performed by ultrasound/ 
bladder scan or catheterization. An elevated PVR 
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can be an indication of a bladder-emptying problem, 
but cannot distinguish the cause of the problem, 
such as bladder outlet obstruction (BOO) or detrusor 
underactivity or a combination of both. PVR can be 
assessed using ultrasound, either in real-time or by 
portable bladder scan, or via catheterization. In 
obese patients or those with ascites, or prior 
lower abdominal surgery, bladder scan is inaccurate 
and real-time ultrasound or catheterization is 
preferred.” ’ 


Uroflowmetry 


Uroflowmetry is a noninvasive measurement of 
the rate of urine flow over time. It can also be 
used to assess bladder emptying but cannot 
be used alone to diagnose the cause of an abnor- 
mality. For example, a low maximum flow and 
plateaued pattern on uroflowmetry cannot distin- 
guish between BOO and impaired detrusor 
contractility. Other patterns are easily recognized 
but are also not completely diagnostic: a super- 
flow pattern implies decreased urethral closure 
forces but may be due to volitional abdominal 
straining, whereas a saw-toothed pattern sug- 
gests Valsalva voiding but may be due to intermit- 
tent voluntary or involuntary contraction of the 
external sphincter or pelvic floor (Fig. 1). It is 
imperative in all circumstances to query the pa- 
tient as to whether their usual voiding pattern or 
behavior was accurately reflected on the noninva- 
sive uroflowmetry study. 
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Fig. 1. Uroflowmetry pattern suggestive of Valsalva 
voiding or pelvic floor dysfunction. 


The most commonly used uroflowmeters are 
mass flow meters, such as those that use a gravi- 
metric method or a rotating disc method. Uroflow- 
meters that use a gravimetric meter operate by 
measuring the accumulated weight of the 
collected fluid or by measuring the hydrostatic 
pressure at the bottom of a collection cylinder. 
Rotating disc instruments use the voided fluid 
directly on a rotating disc to increase the inertia 
of the disc. The power required to keep the disc 
rotating at a constant rate is measured and is pro- 
portional to the mass flow rate of the fluid.* 


Filling Cystometry 


Filling cystometry is a measurement of the pres- 
sure/volume relationship during bladder filling. It 
is performed using measurements of intravesical 
pressure (Pves) and intra-abdominal pressure 
(Pabd) to calculate the detrusor pressure (Pdet = 
Pves — Pabd). The key features of bladder storage 
function obtainable with filling cystometry include 
sensation, cystometric bladder capacity, compli- 
ance, and presence of involuntary detrusor con- 
tractions or detrusor overactivity (DO).° Leak 
point pressures, an assessment of urethral func- 
tion, are also assessed during filling cystometry. 
These features will be discussed in greater detail 
later. 


Pressure-Flow Study 


The relationship between bladder pressure and 
urine flow rate is measured during bladder 
emptying. The pressure-flow study is currently 
the only method of diagnosing BOO and/or 
impaired detrusor contractility (or detrusor under- 
activity). There are 3 fundamental voiding states 
that can be diagnosed by the pressure-flow study, 
which include obstruction, impaired detrusor 
contractility, and normal.° During the pressure- 
flow urodynamic study (PFUD), several parameters 
are assessed: detrusor contractility, coordination 
of the detrusor and outlet, bladder emptying, and 
the presence or absence of UDS obstruction. 


Electromyography 


Electromyography (EMG) is the measurement of 
the electrical signals produced by the depolariza- 
tion of muscle membranes.° EMG studies can be 
performed using either surface electrodes or nee- 
dle EMG, which is more invasive, to measure elec- 
trical activity from the pelvic floor muscles. EMG is 
measured throughout the UDS study during both 
the filling and the emptying phases. The EMG 
tracing is used to assess the coordination or dis- 
coordination of the external urethral sphincter 
and the detrusor contraction. 


Fluoroscopy 


When the UDS study is combined with an imaging 
modality, the anatomy and physiology of the lower 
urinary tract can be simultaneously assessed, 
which is referred to as VUDS. The use of fluoros- 
copy provides anatomic information about the 
bladder, bladder neck, and urethra during filling 
and voiding that could not otherwise be obtained 
during the study without fluoroscopy. This portion 
of the study is useful for assessing for vesicoure- 
teral reflux (VUR) as well. 

Fluoroscopic images may be obtained at various 
points throughout the study. Before starting the 
study, a scout film is obtained to identify any sur- 
gical hardware or bladder stones before the 
contrast-filled bladder obscures them. Images 
can be captured during early bladder filling to 
assess the contour of the bladder and identify any 
possible filling defects. Next, asequence of images 
taken at rest and then during abdominal strain/Val- 
salva maneuvers is used to assess mobility of the 
bladder base, bladder neck, and urethra as well 
as the competence of the bladder outlet and ure- 
thra. Multiple fluoroscopic images taken during 
voiding can evaluate the bladder neck and urethra 
as well as document the presence or absence of 
VUR. Images of the bladder and the upper tracts 
(kidneys, ureter, bladder, flat plate x-ray [KUB]) 
can be obtained to assess VUR, bladder or urethral 
diverticula, and other potential pathologic abnor- 
malities. Because most VUDS studies are done in 
the seated position using a C-arm apparatus for 
imaging, anterior-posterior imaging is most com- 
monly used. However, there are instances where 
oblique or lateral images are superior, such as 
when assessing for bladder diverticula, cystocele, 
and urethral stricture.” 


PRETEST CONSIDERATIONS 


To perform a quality UDS study, the clinician must 
identify the clinical questions that the UDS study is 
intended to answer before any testing is per- 
formed. To do so, the clinician needs a working 
knowledge of the patient’s history, physical exam- 
ination findings, frequency/volume charts, and any 
other information to identify clinical relevant find- 
ings during the UDS study.° A bladder diary per- 
formed before the UDS study that records 
voided volumes can be used to correlate the pa- 
tient’s bladder diary capacity to the cystometric 
capacity obtained during the study. These capac- 
ities should be plausibly similar to appropriately 
reproduce the patient’s symptoms. Pad testing 
can be used to quantify the amount of urine lost 
during incontinence episodes, which can provide 
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valuable information before the UDS study. Small 
amounts of leakage can suggest stress urinary in- 
continence, whereas large amounts of leakage 
can be suggestive of urge urinary incontinence. 
For the incontinent patient, either of these condi- 
tions may be demonstrated; however, it is para- 
mount to relate the condition seen on UDS study 
to the patient’s primary complaint to ensure that 
the symptoms, or condition, are reproduced by 
the finding on the UDS study. 

The clinician should design the UDS study to 
answer the clinical questions and customize the 
study as needed. For example, in a patient who 
complains of symptoms of mixed urinary inconti- 
nence, the test may be conducted to assess for 
the predominant type of incontinence. Repro- 
duction of the patient’s incontinence is critically 
important, especially to the extent that it repro- 
duces the patient’s symptoms. In such a patient, 
stress maneuvers, change in positioning, or pro- 
vocative maneuvers (hand washing and so on) 
may be necessary to induce the symptoms. In 
contrast, for the patient with neurogenic voiding 
dysfunction in which potential compliance issues 
are most important, such maneuvers are unneces- 
sary and even counterproductive. In the patient 
with vaginal prolapse, a repeat study with a pes- 
sary may be needed (see later discussion). In the 
patient with possible BOO, every effort should 
be made to produce a detrusor contraction 
because the voiding phase of the UDS study is 
likely the most relevant. BOO cannot be defini- 
tively diagnosed without a detrusor contraction. 
Sometimes, in those individuals with difficulty initi- 
ating a void, a detrusor contraction might be 
induced by a change in position or a rapid filling 
rate. 

In deciding when to perform a VUDS over a UDS 
study, the clinician should consider whether ob- 
taining simultaneous fluoroscopic images would 
improve the ability to detect and understand the 
underlying pathologic abnormalities, such as spe- 
cific sites of obstruction, presence and grade of 
VUR, and anatomic abnormalities of the bladder. 
The American Urological Association (AUA) Guide- 
lines for Adult Urodynamics recommends that 
VUDS be performed in patients with relevant 
neurologic disease who are at risk for neurogenic 
bladder, or in patients with other neurologic dis- 
ease and elevated PVR or urinary symptoms.® 
The AUA Update Series on Urodynamics Best 
Practices recommends that VUDS be performed 
in those patients at high risk for voiding dysfunc- 
tion, such as those with known or suspected 
neurogenic bladder, prior radical pelvic surgery, 
urinary diversion, renal transplant, or prior pelvic 
radiation.” Further discussion about indications 


MacLachlan & Rovner 


and techniques for performing VUDS is covered 
elsewhere in this issue. 

For the safety of the patient, it should be 
confirmed that the patient is not experiencing a uri- 
nary tract infection (UTI) before the UDS study.° 
For those patients who perform intermittent cathe- 
terization or have indwelling catheters, it may not 
be possible to sterilize the urine before the UDS 
study, but it is important to ensure that the patient 
is asymptomatic to differentiate between bacterial 
colonization and active infection. If the patient is 
experiencing a UTI, then the UDS study should 
be postponed until the patient is free of infection. 

Finally, before the UDS study, patients should 
be well informed about why the test is being 
done and what to expect during the actual UDS 
test. Providing reassurances to the patient before 
the start of the study can reduce anxiety felt by 
the patient.° 


PERFORMING THE STUDY 


Positioning of the patient for the UDS study should 
account for the patient’s functional status, the 
symptoms that the clinician would like to repro- 
duce, and the patient’s normal voiding habits. If 
the patient only experiences urinary incontinence 
while in the standing position, then the filling 
portion of the study should be performed with 
the patient standing. If a patient only voids while 
sitting, then the voiding portion of the study should 
be performed with the patient in the seated posi- 
tion. To obtain the best study results, the goal is 
to make the testing experience as close to the pa- 
tient’s normal voiding experience as possible. 

UDS pressure measurements are obtained via a 
transducer catheter, which converts pressure into 
an electrical signal that is displayed as a tracing. '° 
There are many different types of transducers, 
which include air-charged, fluid-filled, microtrans- 
ducers, and fiberoptic systems. The International 
Continence Society (ICS) recommends fluid-filled 
transducers to be used for Pves and Pabd record- 
ings.' For simultaneous measurement of intraves- 
ical pressure and for bladder filling, the ICS 
recommends a transurethral double-lumen cath- 
eter. For the measurement of abdominal pres- 
sures, the ICS recommends the use of a rectal 
balloon catheter with the balloon only filled to 
10% to 20% of its unstretched capacity.' In female 
patients, placement of the rectal catheter in the 
posterior vaginal vault is an acceptable alternative 
that provides comparable results. 

UDS catheters should be zeroed to atmospheric 
pressure before insertion, and the ICS recom- 
mends strict adherence to its standardization 
of zero pressure and standard height.'° Zero 


pressure is defined as the value recorded when a 
transducer that is disconnected from any tubes or 
catheters is open to the environment, or when the 
open end of a fluid-filled tube is at the same level 
as the transducer.' The ICS defines the reference 
height as the upper edge of the symphysis pubis. 

UDS catheters are inherently uncomfortable 
during placement except in patients who are 
insensate or who are on regular intermittent cath- 
eterization. Such discomfort with catheter place- 
ment can result in artifacts during the study, 
especially abnormal sensation of filling, as well 
as suppression of normal micturition. In some indi- 
viduals, placement of intraurethral topical lido- 
caine jelly may reduce discomfort associated 
with catheterization and thereby alleviate some 
anxiety about the procedure as well as facilitate 
voiding by reducing the catheter-associated 
dysuria. Whether such administration of topical 
anesthetic changes bladder sensation with filling 
and thus alters the qualitative or quantitative re- 
sults and findings of the study is unclear. 


Filling and Storage 


The patient should be instructed to void before the 
start of the UDS study in a private bathroom. On 
entry into the UDS room, and under sterile condi- 
tions, the patient is catheterized per urethra and 
the bladder is emptied before the start of the 
study, providing an accurate assessment of PVR. 
The catheters are placed and the filling phase 
then commences. 

Throughout the study, the clinician should main- 
tain continuous communication with the patient to 
confirm that their symptoms have been repro- 
duced. In addition, the clinician should be carefully 
observing the signals to assess their qualitative 
and quantitative plausibility. When the quantitative 
result of a UDS study appears very abnormal or 
does not represent a plausible result in that partic- 
ular clinical setting, alternative considerations 
should be considered.'' The study should also 
be adjusted or repeated if the clinician cannot at 
first answer the questions that were posed at the 
start of the study.° It may be necessary to perform 
provocative maneuvers, which the ICS has defined 
as techniques used during UDS in an effort to pro- 
voke DO, such as rapid filling, use of cooled or acid 
medium, postural changes, and hand washing. '* 


Fill Rate and Capacity 


When choosing a fill rate, the clinician needs to be 
aware that a standard fill rate cannot be applied to 
every patient. A fill rate that is too rapid can induce 
involuntary detrusor contractions, the appearance 
of impaired compliance, or an artifactually low 


cystometric bladder capacity. For children, pa- 
tients with neurogenic bladder or urinary diversion, 
anuric patients, or patients with known small ca- 
pacity bladders, a slower fill rate is preferred. 
Generally, a starting fill rate of 50 to 70 mL/min is 
acceptable for the adult patient because it mini- 
mizes artifact yet allows the study to be completed 
in a reasonable amount of time.” 

Appropriate filling volumes should be attained to 
facilitate micturition and should be representative 
of the patient’s normal circumstances. Therefore, 
it is helpful to have a frequency volume chart (or 
the more comprehensive voiding diary) before 
the UDS study to have an estimate of functional 
bladder capacity. 


Sensation 


Bladder sensation is judged by 3 defined points 
during the filling cystometry and is evaluated in 
relation to the bladder volume at that moment 
and in relation to the patient’s symptomatic com- 
plaints.'* The 3 sensory landmarks associated 
with performing a filling cystometry are first sensa- 
tion of bladder filling, first desire to void, and 
strong desire to void. The ICS defines first sensa- 
tion of bladder filling as the feeling when the pa- 
tient first becomes aware of bladder filling. First 
desire to void is defined as the need to pass urine 
at the next convenient moment, but voiding can be 
delayed if necessary. Strong desire to void is 
defined as the persistent desire to void without 
the fear of leakage.'* The patient should be in- 
structed on each of these 3 sensory landmarks 
and reminded to report each sensation at regular 
intervals throughout the filling study. 


Leak Point Pressure Testing 


Abdominal leak point pressure (ALPP), also known 
as the Valsalva leak point pressure, is defined as 
the lowest intravesical pressure at which urine 
leakage occurs because of increased abdominal 
pressure in the absence of a detrusor contrac- 
tion.'* The ALPP can be used as an assessment 
of urethral competence and documentation of 
leak point pressures establishes the diagnosis of 
UDS stress urinary incontinence. ALPP should be 
distinguished from a detrusor leak point pressure 
(DLPP), which is defined as the lowest detrusor 
pressure at which urine leakage occurs in the 
absence of either a detrusor contraction or 
increased abdominal pressure.'* DLPP is not 
used to directly measure continence or sphincter 
function, but is a useful parameter for assessing 
risk to the upper urinary tract as a result of 
elevated storage pressures. '° 
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ALPP Testing 


Although universal guidelines do not exist for the 
performance of ALPP across UDS laboratories, 
such testing should be standardized in each indi- 
vidual center so as to obtain reproducible and 
internally usable quantitative assessments of ure- 
thral function. Such testing should be done with 
a standard size and type of urethral catheter (usu- 
ally dual lumen 7-8 Fr), in a standard position 
(sitting, standing, and so on), at a standard volume 
(150 cc, 200 cc, capacity, and so on), with a stan- 
dard set of maneuvers (cough, Valsalva, graded or 
not, and so on). The ALPP measurement should 
never be performed at the time of an involuntary 
detrusor contraction, resulting in an artifactually 
low assessment of urethral function. 

In patients with vaginal prolapse, reduction of 
the prolapse may be necessary to accurately 
assess the ALPP, as well as completely assess 
related voiding phase dysfunction later in the 
study. In such individuals, it can be instructive to 
perform the entire UDS study with and without 
the vaginal prolapse appropriately reduced with 
a pessary or vaginal packing. 

In some patients, an ALPP may not be apparent 
during the study despite multiple attempts to pro- 
duce it. In such cases, it may be helpful to remove 
the vesical catheter from the urethra, leaving the 
abdominal catheter in situ, and repeat testing us- 
ing the abdominal catheter for the pressure 
measurement. 


DLPP Testing 


DLPP was initially described as a method to pre- 
dict risk for upper urinary tract deterioration as a 
result of increased lower urinary tract storage 
pressures in myelodysplastic children. '° For those 
patients with decreased bladder compliance and 
urinary incontinence as a result of neurogenic 
bladder dysfunction, DLPP testing can be a useful 
tool to assess risk to the upper urinary tract. A 
DLPP greater than 40 cm H20 is considered haz- 
ardous to the upper tracts, whereas patients with 
a DLPP less than 40 cm H20 commonly do not 
experience upper urinary tract deterioration in 
the absence of other complicating factors such 
as infection or VUR. However, some individuals 
may experience upper tract deterioration at 
DLPP at somewhat less than 40 cm H20 and 
thus monitoring of such patients should be 
strongly considered. 


Compliance 


Compliance describes the relationship between 


change in bladder volume and change in detrusor 
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pressure and is calculated by dividing the volume 
change by the change in detrusor pressure during 
that change in bladder volume.'* The ICS recom- 
mends that the 2 standard points used to calculate 
compliance should be at the start of bladder filling 
and then at cystometric capacity or immediately 
before the start of any detrusor contraction that 
causes significant leakage. Normal compliance 
should be greater than 12.5 mL/cm H20.° 

In patients at risk for upper urinary tract deterio- 
ration as a result of increased lower urinary tract 
storage pressure, compliance should be assessed 
carefully. Rapid bladder filling, infection, or long- 
standing indwelling catheter may be associated 
with an artifactually impaired compliance. A pro- 
longed involuntary bladder contraction can also 
be misinterpreted as impaired compliance. In 
those patients with apparent impaired compliance 
on UDS testing, bladder filling should be stopped 
and the intravesical pressure examined to distin- 
guish between impaired compliance (Pdet will 
remain elevated) and a prolonged involuntary de- 
trusor contraction (Pdet will eventually return to 
near baseline). Finally, high-volume VUR or 
decompression into a large bladder diverticulum 
will result in artifactually low filling pressures and 
an overestimate of bladder compliance in patients 
who are at risk. 


Involuntary Detrusor Contractions (DO) 


DO is a UDS observation characterized by involun- 
tary detrusor contractions during the filling phase, 
which may be spontaneous or provoked. Phasic 
detrusor overactivity is a pattern of DO defined 
by a characteristic waveform and may or may 
not lead to urinary incontinence. Per the ICS stan- 
dardization documents, there is no lower limit to 
the amplitude that defines DO, but confident inter- 
pretation of low-pressure waves of less than 5 cm 
H20 depends on “high-quality” UDS technique. '2 
DO may occur during the filling portion of the 
study, which may or may not be suppressible. In 
fact, the ICS has updated the definition of DO so 
that it no longer includes the statement “involun- 
tary detrusor contraction which the patient cannot 
completely suppress.”'* A single involuntary de- 
trusor contraction that occurs at cystometric ca- 
pacity, which cannot be suppressed and results 
in incontinence and bladder emptying, is termed 
terminal detrusor overactivity. An “after contrac- 
tion” is a phasic increase in Pdet of significant 
amplitude, which occurs at the end of micturition 
with an empty bladder. The significance of such 
a contraction is unclear and may represent artifact 
from catheter malpositioning or true lower urinary 
tract pathologic abnormality. 


Overall, the finding of DO may be clinically 
relevant or not. In patients without complaints of 
frequency, urgency, or urgency urinary inconti- 
nence, the finding of DO may be artifactual and 
irrelevant if it does not reproduce any of the pa- 
tient’s clinical symptoms. In such individuals, DO 
may be found in 14% to 18%.'*:'° In contrast, up 
to 50% of women with complaints of overactive 
bladder, symptoms with urgency incontinence will 
not demonstrate DO on UDS studies. Provocative 
maneuvers, such as hand washing, and changes in 
position may induce DO in those individuals in 
whom it is suspected but not demonstrated. 


Emptying 


Micturition is typically a private activity for most 
patients, so reproducing normal voiding habits in 
a Clinical UDS laboratory can be challenging. It is 
essential to create an environment that promotes 
privacy and maximal comfort for the patient in 
this highly unusual setting. In order for the UDS 
study to adequately answer the clinical questions, 
the patient should be instructed to void as they 
normally void at home, despite the artificial clinical 
setting. Patients should be questioned on whether 
the void during the UDS study reproduces their 
usual voiding pattern at home. For example, if 
the patient states that they push or strain during 
urination, then the UDS clinician should ensure 
that the voiding portion of the UDS study reflects 
that pattern. Alternatively, a straining pattern on 
the voiding portion of the UDS study that does 
not reproduce the patient’s usual voiding habit is 
of minimal diagnostic value. A prestudy noninva- 
sive uroflowmetry can be used to compare with 
the pressure-flow study of the UDS to ensure 
that they approximate each other. If not, the UDS 
Clinician must decide which best represents the 
patient’s voiding pattern and which is artifactual. 
Many patients find that initiating a void during 
the UDS study extraordinarily difficult. Some of 
these factors may be environmental, such as at- 
tempting to void in front of others, with a catheter 
in the urethra, under fluoroscopy (in the setting of 
VUDS), and so on. Some patients have pain with 
urination and the anticipation of the pain, espe- 
cially with a urethral catheter in place, may inhibit 
patients from voiding during the study. Other pa- 
tients may have a long-standing history of “bashful 
bladder” or psychogenic inhibition, which is a con- 
dition characterized by the inability to initiate or 
maintain micturition in situations where there is a 
perception of scrutiny by others.’° Reducing the 
number of personnel in the UDS laboratory during 
the study, the use of privacy screens, and the use 
of a “white noise” generator or playing relaxing 


music are maneuvers that can help reduce the 
“clinical” environment of the UDS laboratory and 
consequently help the patient feel more relaxed. 
Hearing running water from the sink faucet or bath- 
ing the patient’s hands in warm water can help a 
patient initiate micturition. There are times when 
it may be necessary to have all the personnel leave 
the UDS laboratory and monitor the study 
remotely, or returning only after the patient has 
begun voiding.'’ Despite all of these maneuvers, 
there will be some patients who will still be unable 
to void. In this scenario, the intravesical catheter 
can be removed and the patient asked to void 
again in case the urethral catheter was preventing 
the patient from voiding (whether it be from an 
anatomic obstruction or from psychogenic inhibi- 
tion). Data from Pves would be lost, but uroflow- 
metry combined with the Pabd tracing and 
fluoroscopic images if performing VUDS can be 
informative. If this fails, then all transducers and 
EMG patches/needles should be removed and 
the patient should be asked to void for a noninva- 
sive uroflowmetry. If the patient is still unable to 
void for a noninvasive uroflowmetry, then a PVR 
measurement should be performed. 


Obstruction 


BOO is the generic term for obstruction diagnosed 
on a pressure-flow study during voiding and is 
characterized by a high detrusor pressure and a 
low flow rate.'* The ICS recognizes that BOO 
has been defined for men but as of yet has not 
been adequately defined for women and children. 
Also, the diagnosis of BOO can only be made dur- 
ing UDS in the setting of a detrusor contraction. 
Thus, BOO cannot be diagnosed in the setting of 
a Valsalva void. However, other clinical entities 
can mimic BOO during a pressure-flow study, 
such as dysfunctional voiding, unrecognized 
pelvic organ prolapse, or pelvic floor/external 
sphincter spasm secondary to pain from catheter- 
ization. It is therefore important to recognize these 
clinical scenarios during a UDS study to prevent a 
misdiagnosis of BOO. 


Coordination 


Normal micturition begins with a relaxation of the 
bladder outlet and external sphincter followed by 
a detrusor contraction of adequate magnitude 
and duration to empty the bladder. The outlet 
should remain open until satisfactory bladder 
emptying is completed. Failure of the sphincter 
to relax or stay completely relaxed during micturi- 
tion is considered abnormal. Causes of incom- 
plete coordination of the external sphincter and 
the detrusor muscle include detrusor sphincter 
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dyssynergia (DSD), dysfunctional voiding, and 
pain from the catheterization during the UDS 
study. DSD is defined as a detrusor contraction 
concurrent with an involuntary contraction of the 
urethral and/or periurethral striated muscle. '? It is 
caused by a neurologic lesion in the suprasacral 
spinal cord and true DSD can only occur when 
there is a known neurologic lesion above the sacral 
micturition center. If there is no neurologic lesion, 
then the lack of coordination is considered to be 
a learned behavior known as dysfunctional void- 
ing. It is characterized by an intermittent and/or 
fluctuating flow rate caused by involuntary inter- 
mittent contractions of the pelvic floor striated 
muscles during voiding in neurologically normal in- 
dividuals. '* The disorder is well described in chil- 
dren, but can be seen in adult men and women 
complaining of lower urinary tract symptoms. 
When diagnosing dysfunctional voiding on UDS 
studies, a noninvasive uroflowmetry should be 
performed for comparison to rule-out a test- 
induced phenomenon such as pain from the ure- 
thral catheter.° 


Contractility 


Bladder contractility depends on several factors, 
including pharmacologic, neurologic, smooth 
muscle, and others. Appropriate filling volumes 
should be attained to facilitate micturition. Under- 
filling or overfilling during UDS will result in an un- 
derestimation of detrusor contractility. Therefore, 
it is helpful to have a voiding diary before the 
UDS study to have an estimate of functional 
bladder capacity. 

Normal detrusor function during voiding is 
defined as a voluntarily initiated continuous detru- 
sor contraction that leads to complete bladder 
emptying within a normal time span, and in the 
absence of obstruction.'* Abnormal detrusor ac- 
tivity can be subdivided into detrusor underactivity 
and acontractile detrusor. Detrusor underactivity 
is defined as a contraction of reduced strength 
and/or duration, resulting in prolonged bladder 
emptying and/or a failure to achieve complete 
bladder emptying within a normal time span.'* If 
bladder contractility cannot be demonstrated dur- 
ing the UDS study, then it is considered an acon- 
tractile detrusor. Such a diagnosis of detrusor 
acontractility should not be applied unless the pa- 
tient’s voiding pattern during the UDS study is 
representative of the patient’s usual voiding 
pattern and is confirmed not to be caused by the 
environmental circumstances of the study. These 
2 states of abnormal bladder contractility can 
occur for various reasons including neurologic 
conditions and diabetes. However, pain from 
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catheterization or psychogenic inhibition (bashful 
bladder) may result in temporary suppression of 
the micturition reflex and an apparent diminished 
contractility. A diagnosis of abnormal detrusor ac- 
tivity should not be applied unless the patient’s 
voiding pattern, as reflected by detrusor acontrac- 
tility, is representative of their usual voiding pattern 
at home and is confirmed not to be caused by the 
environmental circumstances of the study. 


ARTIFACT RECOGNITION 


It is important to understand that PFUDs are per- 
formed under very abnormal conditions. It is an 
attempt to reproduce a very private event (urinary 
filling and voiding) under nonphysiological and 
very public conditions. The filling medium is not 
isotonic with urine; it is infused at a nonphysiolog- 
ical rate and temperature, through an indwelling 
catheter in the company of other individuals. This 
event introduces considerable potential artifact. 
Filling fluid should be infused at a reasonable filling 
rate as described above. The filling fluid may be 
warmed to near body temperature. One of the 
more common issues encountered during a UDS 
study is that of psychogenic inhibition when a pa- 
tient is unable to void normally when asked to do 
so during the study. Techniques to help relax the 
patient include playing relaxing music, limiting 
the staff members in the room, and running water 
in the sink. At times, it may be necessary to step 
out of the examination room and monitor the study 


remotely or quickly return when the patient has 
begun voiding to capture the information 
needed. '” 

Artifacts during a UDS study can be either phys- 
iologic or technical in nature. When a physiologic 
event occurs that transiently affects the accuracy 
of one or more pressure measurements, it is 
considered a physiologic artifact.'° A common 
physiologic artifact is a result of rectal contractions 
that cause an increase in abdominal pressure 
without an increase in intravesical pressure 
(Fig. 2), resulting in a spurious decline in detrusor 
pressure. A variety of technical artifacts can occur 
during UDS testing and are largely due to equip- 
ment failure, such as a kink in the intravesical cath- 
eter. Artifacts should be recognized early and 
corrected immediately. 

Coughs are used to confirm that the intravesical 
and abdominal catheters are transmitting 
adequately and that the pressures are responding 
equally. The ICS recommends performing a cough 
test every 1 minute or 50 mL of infused volume. 
These repeated assessments of pressure signals 
are especially important for those patients at 
increased risk of artifacts, which includes women 
with pelvic organ prolapse, morbidly obese pa- 
tients, and following repositioning from the seated 
or standing position.'° Breathing or talking may 
cause minor variations in the intravesical and 


abdominal pressures, but these should be similar 
for both pressures and not reflected in the detrusor 
pressure. 
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Fig. 2. Rectal contractions. A rise in Pabd (red arrows) without a rise in Pves, caused by rectal contractions, results 


in a spurious decline in Pdet (black arrows). 
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Fig. 3. All of the EMG leads lose contact, causing loss of EMG signal ea red arrows). Flaring of EMG signal 


because of loss of one EMG lead (green arrows). 


Increases in abdominal pressures caused by 
Valsalva or coughing should be reflected in the in- 
travesical pressure such that the 2 signals are 
mirror images of each other. When the signals 
from Pabd and Pves do not mirror each other, 
the clinician should be concerned for a signal 
mismatch. Common causes for signal mismatch 
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include problems with tubing connections, air in 
the tubing of a water-filled system, failure to 
charge an air-charged system, or positioning 
problems with the catheters. 

EMG is susceptible to technical artifacts that 
can result in erroneous electrical activity on the 
EMG. Any electrical device operating near the 
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Fig. 4. The uroflowmetry measurement device is inadvertently bumped resulting in an erroneous recording of 


the urinary flow rate and voided volume (red arrow). 
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UDS system that has the potential to create a 
60-cycle line voltage can be a source of EMG arti- 
fact.'® Improper grounding or placement of elec- 
trodes can also produce an inaccurate EMG 
signal. Other common sources of EMG artifact is 
when voiding across a patch electrode causes it 
to become wet and when a patch loses adherence 
to the skin (Fig. 3). 

Artifacts occurring during uroflowmetry should 
be immediately recognized and corrected when 
possible. A common artifact is when the uroflow- 
metry measurement device is inadvertently 
bumped, resulting in an erroneous recording of 
the urinary flow rate and voided volume (Fig. 4), 
and in a very recognizable sharp spike on the 
flow signal line. Another common uroflowmetry 
artifact is when the voided volume of urine is not 
completely captured by the collection funnel dur- 
ing the study, resulting in an underestimate of 
voided volume as well as flow rate. Particularly in 
men, the intravesical catheter should be carefully 
secured as to not interfere with the flow of urine 
from the meatus. 


POSTSTUDY CONSIDERATIONS 


The AUA best practice statement for urologic 
surgery antimicrobial prophylaxis recommends 
antibiotic prophylaxis for UDS only in patients 
with risk factors.’ These risk factors include 
advanced age, anatomic anomalies of the urinary 
tract, poor nutritional status, smoking, chronic 
corticosteroid use, immunodeficiency, external- 
ized catheters, colonized endogenous/exogenous 
material, distant coexistent infection, and pro- 
longed hospitalization. 

Interpretation of the UDS study should occur in 
real-time during the study and are discussed else- 
where in this issue. 


SUMMARY 


UDS is a collection of tests that when combined 
provides useful information with respect to urinary 
bladder filling/storage and emptying. The quality 
and results of the UDS study are operator- 
dependent and are only as good as the clinician 
who performs and interprets the study. In perform- 
ing a quality UDS study, the clinician should formu- 
late the UDS questions to be answered, properly 
design the study to answer those questions, be 
able to adapt the study as necessary, and recognize 
and correct artifacts that occur during the study. 
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KEY POINTS 


Stress urinary incontinence has historically been classified into 3 separate types based on anatomic 
configuration, urethral hypermobility, and urethral function; traditionally, these classifications 
helped.direct surgical. treatments. 

Urodynamics is a tool used to differentiate between types of stress incontinence. In spite of practice 
guidelines from the International Continence Society, not all aspects of urodynamic testing are 
standardized and the test can be challenging to perform. 

Intrinsic sphincter deficiency (ISD) is diagnosed by using urodynamics to measure Valsalva leak 
point pressure or maximal urethral closure pressures (MUCP), which can be difficult to interpret 
given natural variations in MUCP in both continent and incontinent women, and the potential 
different techniques that can be used during testing. 

Retropubic midurethral slings may have a higher success rate than transobturator midurethral 
slings in women with ISD. 

Being able to more accurately diagnose ISD before surgery may allow for the tailoring of surgical 


procedures to patients thereby improving success rates. 


INTRODUCTION 


Intrinsic sphincter deficiency (ISD) is a pathologic 
condition that can lead to female stress urinary in- 
continence (SUI), a condition that affects approx- 
imately 22% of women aged 45 to 64 years.’ SUI 
is currently defined by the International Conti- 
nence Society (ICS) as “the complaint of involun- 
tary loss of urine on effort or physical exertion or 
on sneezing or coughing.”” Clinically, one will 
observe leakage of urine per urethra provoked 
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by synchronous activity that increases intra- 
abdominal pressure (ie, coughing, Valsalva). In 
women, the causes of SUI are multifactorial, but 
to some degree are attributable to urethral hyper- 
mobility, impaired sphincteric function, or a com- 
bination of the two. Defining the causes of SUI 
was believed to be helpful when counseling pa- 
tients about the available surgical options and 
response to therapy, but as will be discussed 
later, this article is no longer as important, due 
to advances in the surgical techniques. 
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HISTORY 


In an effort to facilitate appropriate diagnosis and 
treatment, SUI was classified by Green in 1962 
based on the anatomic configuration of the 
bladder and the urethra. Type | SUI was defined 
as the loss of a normal posterior urethrovesical 
angle and support of the bladder neck. On fluoros- 
copy, one would visualize a straightening of the 
posterior urethrovesical angle to greater than 
180° with straining. Urethral pressure measured 
by urodynamics would show a maximal urethral 
closure pressure (MUCP) in the proximal urethra 
to be greater than 20 cm H20.° Women with 
Type IlI SUI demonstrated not only straightening 
of the posterior urethrovesical angle but also expe- 
rienced hypermobility of the proximal urethra and 
bladder neck, which was seen as a shift down 
and back of greater than 3 cm (vs only 2-3 cm in 
those with Type | SUI) with straining. Again, the 
MUCP was measured greater than 20 cm H3O. 
In both Type | and Type II SUI, a rise in intra- 
abdominal pressure is not equally distributed be- 
tween the bladder and the posterior urethra once 
the urethra has descended out of its normal 
anatomic position. The increased pressure experi- 
enced by the bladder relative to the urethra pro- 
duces a pressure differential and facilitates 
leakage.*° In the 1970s, McGuire reported an 
additional cause of SUI, which has since been 
labeled Type IIl. In these patients, there was no 
urethral hypermobility, but the bladder neck and 
proximal urethra did not function properly, which 
was thought to be associated with low closure 
pressures.° Type Ill SUI was also referred to as 
ISD and is associated with an MUCP less than 
20 cm H20.°” 

Historically, the clinical categorization of SUI 
was considered an important factor in the determi- 
nation of treatment, specifically which surgical 
intervention to use. Certain surgical interventions, 
like injection of urethral bulking agents, which are 
aimed at augmenting compression and increasing 
resistance of the mid- to proximal urethra, were 
found to improve symptoms in some women with 
Type III SUI, but still had higher failure rates in pa- 
tients with both low Valsalva leak point pressures 
(less than 60 cm H20) and MUCPs (less than 
20 cm H,0).®° Retropubic urethral suspension 
procedures, which are aimed at preventing 
mobility of the bladder neck and urethra, were 
found to be most effective in those with Type | or 
Type Il SUI.'° Mechanistically, these findings 
made conceptual sense and further supported 
the categorization of SUI. With the advent of 
the suburethral sling procedure, first placed at 
the bladder neck and more recently placed at the 


midurethra, the categorization of SUI has become 
less important as the sling has been deemed 
effective in all categories of SUI.'' However, there 
is continued interest in predicting response to sur- 
gery as some evidence suggests slightly improved 
dry rates following a sling for women with urethral 
hypermobility versus those with ISD. 1? 


USING URODYNAMICS TO EVALUATE SUI 


When it is important for the clinician to establish 
the cause and type of SUI, urodynamics is 
commonly utilized. The goal of urodynamics in a 
patient presenting with SUI is to objectively mea- 
sure, in a way that is quantifiable, the lower urinary 
tract function of each patient and to find a physio- 
logic reason for their subjective symptoms. The 
2002 ICS “Good Urodynamic Practices” report 
recommends first obtaining a clear history, 
including a voiding diary, and performing a thor- 
ough physical examination, which could include 
a cough stress test. The clinician may also want 
to obtain noninvasive urinary flow rate and post- 
void residual urine volume measurement if 
indicated by the clinical scenario. However, if at- 
tempting to define the types of SUI, invasive uro- 
dynamics (filling cystometry, pressure flow) 
would be needed. Invasive urodynamics uses a 
pressure transducer in the bladder and the rectum 
(or vagina) along with electromyography, which is 
most commonly obtained by surface electrode 
patches on the anal sphincter, measures lower uri- 
nary tract function, and helps identify the pathol- 
ogy behind the lower urinary tract symptoms. 
Urodynamic measures include bladder capacity; 
bladder compliance; abdominal leak point pres- 
sure (ALPP) (which can be induced by Valsalva 
leak point pressure or cough [cough leak point 
pressure]); MUCP; and the presence of observa- 
tions such as detrusor overactivity, bladder outlet 
obstruction, detrusor sphincter dyssynergia, and 
underactive detrusor contraction. '° 

To standardize measurements during urody- 
namics, the ICS recommends establishing a detru- 
sor pressure of zero at the start of the study by 
equalizing the vesicle and abdominal pressure 
transducers. ° For fluid-filled systems, a reference 
height is established at a height that is equal to that 
of the upper edge of the pubic symphysis (as 
opposed to air charged, which do not require 
this reference point). A dual lumen transurethral 
catheter is usually used to measure intravesical 
pressure and allow for simultaneous bladder filling. 
A rectal (or vaginal) catheter is used for the mea- 
surement of abdominal pressure. It is also recom- 
mended that the display include 3 measurement 
channels: a method of displaying and storing 


pressure data; the ability to accurately measure 
pressure from 0 to 250 cm H20, flow from O to 
50 mL/s, and volume up to 1000 mL; and a stan- 
dard scale for displaying data. All equipments 
should be appropriately and regularly calibrated. 
To help achieve accurate measurements, the ICS 
recommends assuring that resting values are 
appropriate, abdominal and intravesical pressures 
vary similarly with breath or movement, and that 
coughs are regularly used to be sure of equivalent 
abdominal and intravesical response. Finally, it is 
suggested that urodynamic testing should be 
repeated to confirm reproducibility of the results 
before initiating treatment. '* 

Even with these guidelines in place, urodynamic 
testing can be challenging. There are many addi- 
tional factors that can be altered during testing. 
These alterations undoubtedly affect results and 
are without standardized guidelines from the ICS 
currently. These will be discussed in greater detail 
later with specific relation to ISD. Additionally, the 
reliability and reproducibility of urodynamics has 
been discussed by the ICS. During the evaluation 
of SUI, and specifically ISD, careful attention is 
paid to the values of ALPP and MUCP. There are 
no standard recommendations for positioning dur- 
ing urodynamics, and in a 2002 study out of UCLA, 
the effect of positioning on leak point pressure was 
evaluated. Thirty-seven patients with SUI and 4 
with mixed incontinence underwent measurement 
of leak point pressures while in supine, semire- 
cumbent, and standing positions. They found 
that leaking occurred with less intravesical pres- 
sure as the patient went from supine to standing 
position. '° 

It has been noted in the literature that there are 
differences in MUCP depending on the type of 
catheter used. In a 2008 prospective study by 
Zehnder, 64 women were randomized to undergo 
MUCP measurements first with either an air- 
charged catheter or a microtip catheter used. 
MUCP was then measured again with the other 
type of catheter. Mean MUCP was significantly 
higher with the use of an air-charged catheter, 
but the repeatability of measurements was stable 
for both catheters. Therefore, although the mea- 
surement of MUCP may be trusted to be repro- 
ducible for a given woman, it is challenging to 
establish reference ranges and compare data 
across studies without standardization of catheter 
type.'© 


USING URODYNAMICS TO DIAGNOSE ISD 


ISD is believed to be due to deficiencies in the 
urethral and periurethral tissues that result in 
weakness of the sphincteric mechanism. These 
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weaknesses can result from age, pregnancy, and 
childbirth; the development of a neurologic injury; 
or from previous surgical or radiation therapies. 
Clinically, urethral function is objectively measured 
by ALPP and MUCP. ALPP is defined by the ICS as 
the intravesical pressure at which urine leakage 
occurs due to increased abdominal pressure in 
the absence of a detrusor contraction. MUCP is 
the highest pressure, relative to bladder pressure, 
generated along the length of the urethra. The liter- 
ature has suggested that both a low MUCP and 
ALPP be used to diagnose ISD,'’ and the cutoff 
values most commonly recommended are an 
ALPP less than 60 cm H2O and a MUCP less 
that 20 cm.'® 

Part of the challenge with reliably diagnosing 
ISD with urodynamics is a lack of true consensus 
on how exactly the ALPP and MUCP are 
measured. McGuire initially described ISD as be- 
ing a loss of tone that manifested itself as a low 
proximal urethral pressure. He advocated using 
fluoroscopy during urodynamics to appropriately 
position a catheter in the proximal urethra while 
measuring urethral pressures, as this was the 
“part of the urethra concerned with resistance to 
abdominal pressure as an expulsive force.”'° In 
the early 1990s, McGuire introduced a new urody- 
namic measure that he believed was better corre- 
lated with ISD, the ALPP. 

McGuire’s technique for testing ALPP is as 
follows: first the flow pressure of the system 
must be zeroed. Then, the bladder is filled at 
60 mL/minute until the bladder contains approxi- 
mately 200 to 250 mL of fluid. The patient is placed 
in an upright position, maintaining the transducer 
at the height of the pubic symphysis, and is asked 
to perform a slow, progressive Valsalva until 
leakage occurs. He recommends repeating the 
study several times to obtain an average abdom- 
inal pressure at the moment of leakage.° 

As mentioned, a diagnosis of ISD is based on 
abnormal measurements of ALPP and MUCP. 
Hosker published a recent review of the literature 
focusing on the methods used to obtain these 
values clinically. From the studies he referenced 
it is clear that there is no set consensus on how 
exactly urodynamics is to be performed and inter- 
preted when trying to identify ISD. Although it ap- 
pears that the urologic community agrees that 
ALPP of 60 H2O is a requirement for diagnosing 
ISD, there were different definitions for the cutoff 
for MUCP. Most studies used an MUCP of 20 cm 
H20, but some used 15 H20 or 30 H20 as their 
parameter for ISD. 

Furthermore, the methodologies for measuring 
MUCP and ALPP varied significantly. They were 
measured with an empty bladder, with the bladder 
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at capacity up to 500 mL, withi50 mL in the 
bladder, with 250 mL in the bladder, and with a 
bladder volume between 200 and 300 mL. Patient 
positioning and catheter size were also not stan- 
dardized. Measurements were obtained in the 
semirecumbent, standing, and upright sitting posi- 
tions. Catheter sizes ranged from 7 to 10 French. 
Further divergence in technique could develop 
when considering the other components of urody- 
namic testing such as catheter withdrawal speed, 
viscosity of bladder fluid, rate of infusion, and the 
use of a Valsalva or a cough.” 

Typically, MUCP is measured at rest, as 
opposed to ALPP, which is measured during an 
increase in intra-abdominal pressure, which simu- 
lates the real world scenario that leads to leakage. 
MUCP may reflect underlying deficiencies in the 
sphincteric function, but may miss deficiencies 
that are only notable during increases in intra- 
abdominal pressure. In addition to the association 
with degree of incontinence, MUCP has been 
found to correlate strongly with age, which sug- 
gests that the aging process weakens the intrinsic 
function of the urethra even in continent women. 
MUCP is also significantly decreased in women 
who have previously had _anti-incontinence 
surgery.?7 

In Table 1, examples of normative urodynamic 
values of MUCP in women of various ages who 
are either continent or with stress incontinence 
are displayed. In both groups, MUCP is seen to 


Table 1 
Maximal urethral closure pressure by age group 


Women 
with ISD 


<20 mm H20 


Women with SUI 


MUCP 
20-29: 70.35 (63.6-77.1) 
30-39: 61.38 (59.3-63.5) 


40-49: 54.44 (53.31-55.8) 


50-59: 38.30 (47.0-49.6) 
60-69: 39.42 (37.7-41.1) 
70-79: 32.72 (30.5-34.9) 
80+: 26.82 (21.52-32.1) 


MUCP <20 mm H20 in 5.8% of women? 


Abbreviation: Cl, confidence interval. 


Age group: mean (95% Cl) 


decrease with age, but there is a wide range of 
MUCP in each age group, making it difficult to 
interpret and establish diagnoses. Of note, there 
are women who are continent and yet have 
MUCFP less than 20 mm H20. Given this evidence 
that MUCP can vary with age and degree of incon- 
tinence, it complicates the interpretation of these 
data for diagnosis of ISD. 

The natural decrease of MUCP with age is 
partially attributable to the loss of urethral tissue. 
For example, the density of circular smooth mus- 
cle is 25% to 50% higher in women in their 20s 
or 30s compared with that of women in their 70s 
of 80s.*4 Additionally, the number of striated mus- 
cle cells in the ventral wall of the urethra has also 
been noted to decrease over time, especially in 
the proximal urethra, just distal to the bladder 
neck. Over time, the mucosa also thins, connec- 
tive tissue volume increases, and there is a loss 
of proteoglycans, all of which can lead to de- 
creases in the urethral wall apposition.”° Finally, 
MUCP has been noted to decrease steadily by 
about 15% with each decade of life.2° On mag- 
netic resonance imaging, it is possible to visualize 
the differences in urethral tissue between an 
elderly and a young woman. In Figs. 1 and 2, the 
urethra of an 81-year-old woman is compared 
with that of a 22-year-old woman. Although there 
is no reported methodology for measuring muscle 
thickness of the female urethra, it is easily discern- 
able that there is a significant disparity in bulk. 


Continent Women 


Age group: median (interquartile 
range) 
Premenopausal: 49 (37-72) 
Perimenopausal: 35 (29-46) 
Postmenopausal: 44 (33-43)? 
Age group: mean (95% Cl) 
20-29: 92.43 (88.1-96.8) 
30-39: 80.71 (77.9-83.5) 
40-49: 72.62 (70-3-74.9) 
50-59: 60.84 (58.5-62.3) 
60-69: 53.62 (50.5-56.8) 
70-79: 46.81 (36.4-45.3) 
80+: 39.60 (29.5-49.7) 
MUCP <20 mm H20 in 1.4% of 


Data from Kapoor DS, Housami F, White P, et al. Maximum urethral closure pressure in women: normative data and eval- 
uation as a diagnostic test. Int Urogynecol J 2012;23(11):1613-8; and Pfisterer M, Griffiths DJ, Rosenberg L, et al. Param- 
eters of bladder function in pre-, peri-, and postmenopausal continent women without detrusor overactivity. Neurourol 


Urodyn 2007;26(3):356-61. 


Fig. 1. Axial T2-weighted magnetic resonance imag- 
ing of urethra (arrows) in an 81-year-old woman, 
with urethral atrophy. EVC, endovaginal coil. 


THE SURGICAL APPROACH TO ISD 


Clinical experience has suggested that differenti- 
ating between Type | or Type II SUI and Type III 
SUI preoperatively may prove significant when 
counseling patients about the chances of relief 
from their symptoms after a procedure. Although 
the evidence is controversial, there are some 
studies that suggest that women with a diagnosis 
suggestive of ISD defined by a low ALPP or MUCP 


Warning: Not for diagnostic use 
--— - 
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Fig. 2. Axial T2-weighted magnetic resonance imag- 
ing of urethra (arrows) in a 22-year-old woman with 
stress and urge incontinence, no significant urethral 
atrophy. EVC, endovaginal coil. 
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are more likely to fail midurethral sling procedures 
potentially because of poor coaptation or an 
immobile urethra.?” In a review structured to deter- 
mine the predictive value of urodynamics before 
an operative intervention for SUI, Kawasaki and 
colleagues?? noted that with both retropubic and 
transobturator slings, there is a lower rate of 
post-operative cure in individuals with low 
MUCP, which was corroborated by the TOMUS 
trial, a randomized study comparing retropubic 
to transobturator midurethral slings. Although 
there was no apparent association between pre- 
operative urodynamics and subjective failure, the 
lowest quartile of MUCP (45 cm H20) and ALPP 
(86 cm H20) before surgery were noted to increase 
the rate of objective failure significantly (P = .003 
for both).7° 

One prospective studied look at women with 
SUI and ISD who were treated with a midurethral 
sling. These women were randomized to tension- 
free vaginal tape (TVT) or a transobturator midure- 
thral tape (TOT) procedure. One hundred sixty-four 
women were randomized, 82 to each group, and 
there were no significant differences in demo- 
graphics between the women. The diagnosis of 
ISD was established if the MUCP was less than 
20 mm H20 and the ALPP was less than 60 mm 
H2O with the bladder filled to 500 cc or maximum 
capacity if less than 500 cc.°° At 6-month 
follow-up, there was a notable distinction between 
the 2 groups: 13% in the TOT arm had already 
required additional surgery compared with 0% of 
the women with a TVT. At 3 years, the disparity be- 
tween the 2 groups was still evident with 18.3% of 
the TOT women versus 1.2% of the TVT women 
undergoing another surgical procedure to correct 
SUI. The authors speculate that this difference 
may be secondary to a difference in sling axis or 
perhaps unintentional increased sling tension dur- 
ing surgery with placement of TVT. Regardless, 
these data seem to indicate that if a clinician is 
able to diagnose a woman with ISD before sur- 
gery, choosing to perform a TVT may lead to 
higher continence success rates.*! 


CAN ISD BE DIAGNOSED BY URODYNAMICS 


When faced with answering the question of 
whether or not ISD can be diagnosed by urody- 
namics, the answer is more complicated than a 
simple yes or no. As a community, urologists and 
urogynecologists need to establish universal defi- 
nitions and standards so the women whose SUI 
is attributable to ISD can be better diagnosed. 
There is fairly good consensus that ISD is present 
with an ALPP less than 60 mm H20 and an MUCP 
of less than 20 mm H20, but discrepancies in the 
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literature do exist, most commonly regarding the 
MUCP. Settling those discrepancies will be chal- 
lenging and will likely require additional studies 
to assess the technical components of ALPP and 
MUCP measurements, as well as the reliability of 
particular cutoffs in predicting ISD. 

Urodynamics, as a diagnostic test, can certainly 
be valuable, but it is difficult to compare results 
across practices and establish treatment guide- 
lines when methodologies vary widely. Good uro- 
dynamics practice guidelines have established 
several important standards; however, clarity on 
measurement of ALPP and MUCP is needed. It 
would be advantageous to establish recommen- 
dations for measurement to allow comparisons 
across practices and research studies with 
respect to severity of SUI disease and response 
to therapy. In the meantime, consistent methodol- 
ogy in one’s personal practice may be helpful to 
understanding the differences among patients. 
One important consideration in the development 
of standard techniques for the measurement of 
ALPP and MUCP is patient positioning. It would 
be reasonable to evaluate those patients who are 
thought to have ISD in a situation that would cause 
them to have the most leakage, which is standing 
up. This situation however may lead to recruitment 
of accessory pelvic floor muscles that alter pres- 
sure measurements compared with the seated or 
supine position. It is also important to standardize 
bladder volume at the time of pressure measure- 
ment because capacity will likely influence the 
chance of leakage and pressure dynamics. 

One might question why the diagnosis of ISD 
even matters if the contemporary treatment plan 
is the same, with the placement of a midurethral 
sling, regardless of the type of SUI present. How- 
ever, it is known that slings fail and it is thought 
that they fail more commonly in patients with 
ISD. The exact reason for these failures and the 
exact mechanism by which a sling improves 
leakage in the setting of ISD remain unknown. 
The authors believe assessment for ISD can be 
beneficial in preoperative patient counseling: 
women with ISD who may be anticipated to fail 
slings can have their expectations appropriately 
tempered by preoperative counseling. 

Additionally, more reliable and better-defined di- 
agnoses of ISD may impact future treatment 
development. As surgical techniques evolve, be- 
ing able to precisely measure urethral deficiency 
with quantitative, comparable values could lead 
to more directed care and potentially better out- 
comes. Specifically, populations for which a spe- 
cific treatment such as TVT or TOT may be more 
efficacious may be defined with further research. 
Tailoring the surgical procedure to quantitative 


preoperative data or measuring MUCP during mid- 
urethral sling placement may have the ability to 
improve surgical success, 

It is clear that although urodynamics provides 
important information pertaining to ISD, this infor- 
mation is not comparable across sites because 
acquisition techniques have not been standard- 
ized. Further studies in patients with ISD using 
standardized urodynamic methodologies and in- 
terpretations may allow for better understanding 
of the condition as well as more realistic preoper- 
ative planning and improved outcomes for women 
who are plagued by SUI. 
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KEY POINTS 


e Videourodynamics (VUDS) combines a fluoroscopic voiding cystourethrogram with multichannel 
urodynamics, allowing anatomic and functional assessment of the bladder and outlet. 
e There is a relative paucity of guidelines and literature surrounding the specific indications and tech- 


niques for VUDS. 


e A thorough patient assessment is paramount in developing a differential diagnosis and identifying 


urodynamic questions to be answered. 


e VUDS should be considered in patients with neurologic findings or diseases as well as those with 
obstructed voiding, congenital genitourinary anomalies, or a history of genitourinary reconstruction. 
e Appropriate use of fluoroscopy is important in reducing any added cost and risk of ionizing radiation 


to patients and clinical staff. 


INTRODUCTION 


Diagnosing patients with multiple lower urinary 
tract symptoms and confounding comorbidities 
may require further assessment with advanced 
diagnostic testing, such as urodynamics. Standard 
multichannel urodynamics most often includes a 
filling cystometrogram and a pressure flow study 
during micturition. These 2 components are often 
the only obligatory tests required to determine a 
diagnosis; however, key pathognomonic findings 
may be overlooked in certain patient populations. 
Further delineation may be required, and the use 
of concomitant radiologic imaging during the study 
provides additional data to hone the differential 
diagnosis. Fluoroscopic imaging has been the 
modality of choice as an adjunct to traditional 
urodynamics. 

Combining fluoroscopic voiding cystourethro- 
gram with pressure flow urodynamics to evaluate 
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lower urinary tract function dates back to the 
1950s, was further developed through the 1970s, 
and was not widely used clinically until the 
1980s.'~° The original set-up used analog portable 
fluoroscopy (C-arm) and signal processing to 
combine the oscilloscope tracing from the pressure 
transducer with the live fluoroscopic images.** 
This allowed simultaneous recording on a magnetic 
tape for cine image viewing, hence, the coined 
term, VUDS. 

Improvements in portable computing and digital 
signal processing paved the way for modern-day 
VUDS (also referred to as fluoro-urodynamics). Im- 
aging input (video) is channeled into a computer 
terminal with software chronologically integrating 
the digital image with the cystometrogram and 
pressure flow tracings. Advancements in imaging 
technology paralleled the changes in computing, 
and digital imaging detectors led to fully integrated 
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digital fluoroscopy. This has allowed easier combi- 
nation of the 2 technologies and facilitates review 
of imaging on specialized medical image viewing 
software with improved resolution and tools to 
optimize image analysis. 

VUDS provides additional information com- 
pared with standard urodynamics; however, use 
of this specialized test should be limited to pa- 
tients in whom this information adds value. There 
is increased cost and risk associated with radio- 
logic imaging and clinicians should consider the 
usefulness of adding fluoroscopy as part of a pa- 
tient’s evaluation. 


INDICATIONS 


Fluoroscopy as an adjunct to standard urodynam- 
ics should be considered in those patients whose 
diagnosis is aided by including this modality. Spe- 
cialty societies have developed guidelines for 
standardizing terminology and technique as well 
as clinical guidelines for use of urodynamics.*° 
These guidelines are a consortium of expert panel 
opinion and literature review. A majority of recom- 
mendations apply to standard urodynamics and 
there is a paucity of guidelines and literature sur- 
rounding the specific indications and techniques 
for VUDS. Information in this article is derived 
from guidelines and available literature; however, 
much of the described principles and techniques 
follow expert opinion and the authors’ standard 
practice. 

Determining the patient populations that may 
benefit from VUDS requires clinicians to develop 
a differential diagnosis of underlying conditions 
that may contribute to a patient’s urinary tract 
symptoms. This begins with a detailed history 
and physical examination. The history should in- 
clude comorbid conditions and querying for 
any neurologic dysfunction as well as a family his- 
tory of neurologic and congenital conditions. 
Knowledge of congenital anomalies and previous 
surgeries, in particular those involving the genito- 
urinary or neurologic system, aids in patient 
selection. During examination, clinicians should 
evaluate for any signs of neurologic disease by as- 
sessing perineal sensation, pelvic muscle, and 
sphincter tone; testing the bulbocavernosus reflex; 
and identifying peripheral neuropathy or abnormal- 
ities of the vertebral column. In men, prostate size 
should be noted and the external urethral anatomy 
examined. In women, the examination includes 
evaluation of urethral mobility, incontinence, peri- 
urethral anatomy, and pelvic organ prolapse. Thor- 
ough assessment guides clinicians in formulating 
the diagnostic questions necessary to select the 
relevant urodynamic components. 


Patients who may benefit from VUDS include 
those with neurologic findings or a history of neuro- 
logic disease, a history of congenital genitourinary 
anomalies, symptoms of obstructive voiding (often 
excluding straight forward benign prostate enlarge- 
ment [BPE] symptoms), a history of pelvic irradia- 
tion, and a past history of surgical reconstruction. 
Current guidelines jointly published by the Amer- 
ican Urological Association (AUA) and the Society 
of Urodynamics, Female Pelvic Medicine and Uro- 
genital Reconstruction (SUFU) make only 2 recom- 
mendations regarding the use of VUDS.° These 
include recommending that clinicians may use fluo- 
roscopy at the time of urodynamics in patients with 
relevant neurologic disease or those with an 
elevated postvoid residual or urinary symptoms 
and a neurologic condition that may contribute 
(guideline statement 12).° The other recommended 
condition is in patients with outlet obstruction to 
localize the level of obstruction, particularly in those 
thought to have primary bladder outlet obstruction 
(PBNO) (guideline statement 19).° 

The use of fluoroscopy during urodynamics can 
aid in further evaluation of 


e Vesicoureteral reflux (VUR) 

e Anatomic variations of the bladder, including 
trabeculations, saccules or diverticula, and 
filling defects 

e Voiding dynamics in women with a cystocele 
or pelvic organ prolapse 

e Bladder neck function and coordination dur- 
ing micturition 

e Urethral pathology, such as strictures or 
diverticula 

e Detrusor-external sphincter dyssynergia 
(DESD) (in conjunction with sphincter electro- 
myography [EMG]) 

e Dysfunctional voiding/pelvic floor dysfunction 

e Urinary fistulas 

e Urinary incontinence 


Neurogenic Bladder 


VUDS is often useful in the evaluation of patients 
with suspected neurogenic lower urinary tract 
dysfunction (NLUTD). Clinical diagnoses include 
spinal cord injury; spina bifida or spinal dysra- 
phism; Parkinson disease; Shy-Drager syndrome 
(multiple system atrophy [MSA]; demyelinating 
disorders, such as multiple sclerosis; Devic dis- 
ease; and transverse myelitis and, in some cases, 
diabetic neuropathy and following a cerebrovas- 
cular incident. This list is not all inclusive and clin- 
ical acumen is needed to determine other signs, 
symptoms, and underlying pathology that may 
lead to neurologic dysfunction. 


Key pathognomonic findings in NLUTD that are 
better evaluated with VUDS include VUR, which 
may indicate poor bladder compliance, and identi- 
fying improper coordination between detrusor 
contraction and sphincter relaxation. Either of 
these findings typically represents neurogenic 
bladder, and, if a neurologic disease is not known, 
these findings should prompt exclusion of a poten- 
tial neurologic disease. Fig. 1 demonstrates 2 
cases of bilateral VUR that occurs with bladder 
filling. In both cases, detrusor pressure remained 
normal and the only indication of bladder compli- 
ance changes was the identification of reflux. 
DESD occurs with lesions above the reflex path- 
ways within the sacral spinal cord. With patch 
electrodes, the EMG tracing is not always diag- 
nostic due to noise, and fluoroscopic findings 
may be the only evidence to suggest this condition 
(Fig. 2). Assessment of bladder contour may pro- 
vide additional insight toward the underlying pa- 
thology. For example, trabeculations, multiple 
diverticula, or a Christmas tree appearance indi- 
cates obstruction, possibly related to neurogenic 
dysfunction, in those with a known neurologic 
condition. 

Definite delineation between the lower urinary 
tract findings in MSA versus Parkinson disease 
requires concomitant fluoroscopic imaging to 
study bladder neck function. Multiple system at- 
rophy demonstrates an open bladder neck during 
initial filling on fluoroscopy. During micturition, 
patients with MSA have an open bladder neck 
with neurogenic sphincter motor potentials on 
EMG and fluoroscopic evidence of DESD, fea- 
tures rarely found in Parkinson disease. Without 
multichannel VUDS with EMG, distinguishing the 
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urologic manifestations of these 2 diseases is 
not possible. 


Obstructed Voiding 


Symptoms of obstructed voiding may be related to 
anatomic or functional outlet obstruction. Not all 
symptoms carry a straightforward clinical diag- 
nosis on presentation and further assessment 
with urodynamics may be useful. Traditional multi- 
channel urodynamics identify bladder outlet 
obstruction, such as that found in BPE; however, 
certain patients may have more than one potential 
source of obstruction. Assessment of patients with 
a past history of genitourinary surgery involving the 
outlet (male outlet or urethral surgeries, subure- 
thral sling, female pelvic organ prolapse recon- 
struction, or urethral diverticulectomy) may be 
improved via the images obtained during the void- 
ing phase of VUDS. 

Concomitant fluoroscopic imaging can help 
localize the level of obstruction during pressure 
flow studies. The presence of a prominent pros- 
tatic median lobe may be identified in men with 
prostatic enlargement. Identifying a large bladder 
diverticulum may reveal voiding dynamics indica- 
tive of a pressure sink, suggesting outlet obstruc- 
tion in those where the pressure tracing itself is not 
conclusive (Fig. 3). The severity of a cystocele may 
be more obvious during micturition and visualizing 
the dynamic mobility may identify urethral kinking 
and retention of urine in the displaced portion of 
the bladder (Fig. 4).”° These findings may explain 
symptoms of obstruction in such women in the 
absence of other pathologies that create bladder 
outlet obstruction. 


Fig. 1. (A) This patient was referred for refractory incontinence despite multiple treatment modalities, including 
sacral neuromodulation. Traditional urodynamics would not have identified the VUR and poor bladder compli- 
ance as the cause of her symptoms. (B) This patient with a past spinal cord injury demonstrates bilateral VUR early 
in bladder filling despite a normal detrusor pressure. Again, her compliance changes would not have been known 


without VUDS. 
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Fig. 2. In this woman with multiple sclerosis, DESD is 
evident with fluoroscopy during micturition. In this 
case, note both failure of relaxation of the bladder 
neck and the external sphincter. The pressure flow 
and EMG tracing reflect obstruction with increased 
sphincter motor potentials. P abd, abdominal pres- 
sure; P ves, vesical pressure; P det, detrusor pressure. 


Fig. 3. In this woman with PBNO, measurable detru- 
sor pressure remains low during micturition and the 
pressure is instead transmitted into the bladder diver- 
ticulum, visualized on the fluoroscopic images. 


In women with obstructed voiding after anti- 
incontinence surgery, the necessity of urodynam- 
ics has been debated. In those with obstructive 
symptoms and evidence of retention or elevated 
PVR immediately after and temporally related to 
surgery, urodynamics is not likely needed.? In 
those with primary storage symptoms, urodyna- 
mics may be helpful, but clinical outcomes after 
surgical correction (sling incision or urethrolysis) 
are reported to be no different in those with or 
without diagnostic urodynamics.? VUDS may be 
useful in identifying the anatomic point of obstruc- 
tion, as shown in Fig. 5. The study will be most 
useful in women whose clinical history is less clear 
and may be more useful in ruling out other causes 
of obstructing symptoms, such as dysfunctional 
voiding or primary bladder neck obstruction. 

In men and women, VUDS facilitates analysis of 
coordinated micturition. This may be especially 
important in younger men and women without 
clinically apparent causes of obstructive voiding, 
such as BPE, prolapse, or prior surgery. Spec- 
ifically, the function of the bladder neck, the 
external sphincter, and the pelvic floor can be 
studied with fluoroscopy. This may be useful in pa- 
tients with primary bladder neck outlet obstruction 
and pelvic floor dysfunction. VUDS evaluation is 
the only diagnostic tool that can document pres- 
sure flow parameters and localize functional 
obstruction of the bladder neck.® Defining dys- 
functional voiding as intermittent or fluctuating 
flow secondary to contractions of the periurethral 
striated muscle in a neurologically normal woman 
and PBNO as failure of bladder neck opening 
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Fig. 4. In this woman with a stage II cystocele, residual urine is retained in the dependent portion of the bladder 


after voiding. (A) Voiding phase. (B) Post void residual. 


resulting in obstructed voiding, one study found 
that EMG analysis alone would have incorrectly 
diagnosed 14% of women with PBNO as having 
dysfunctional voiding. '° EMG activity alone, espe- 
cially patch electrodes, has a high rate of inaccu- 
racy in detecting quiescence during micturition, 
and using concomitant fluoroscopy increases the 
sensitivity and specificity of diagnosing dysfunc- 
tional voiding to 79% and 85%, respectively.'° 
Note the difference between bladder neck function 
in a normal void compared with PBNO as pre- 
sented in the VUDS images (Fig. 6). 


Fig. 5. In this neurologically normal woman with 
obstructive voiding symptoms and a remote history 
of a synthetic midurethral sling, the point of obstruc- 
tion is identifiable along the urethra during voiding. 
Note funneling of the bladder neck with a very prom- 
inent urethra full of contrast and tapering to the 
point of obstruction. 


Congenital Genitourinary Anomalies or 
History of Reconstruction 


Clinicians should consider the use of VUDS in 
patients with a past history of congenital genitouri- 
nary anomalies or surgical correction of such 
anomalies. Important conditions include a child- 
hood history of ureteropelvic junction obstruction, 
VUR, ectopic ureter, posterior urethral valves, or 
prune-belly syndrome, many of which are associ- 
ated with other lower urinary tract pathology. Find- 
ings implicating these conditions include recurrent 
lower urinary tract infections or pyelonephritis, in- 
complete bladder emptying, and incontinence as 
well as the presence of hydronephrosis. Imaging 
can identify persistent or recurrent VUR as well 
as the presence of bladder trabeculations or diver- 
ticula. A paucity of outcomes data exists in evalu- 
ating the benefits of VUDS in the adult population 
with a past history of congenital anomalies and 
Clinical judgment must be used as to whether 
added benefit is expected. 


VUDS TECHNIQUE 


Guidelines have been published for urodyamics by 
the International Continence Society (ICS) and the 
AUA/SUFU. The basic guidelines address indi- 
cations and standardization of terminology.*° 
The ICS guidelines set requirements for minimum 
equipment capabilities, required parameters to 
be measured, and calibration standards.* These 
guidelines ensure versatility in performing and 
reading urodynamic studies. The ICS guideline 
mentions that quantitative analysis may be supple- 
mented by imaging (fluoroscopy or VUDS) and the 
AUA guidelines include 2 indications (discussed 
previously), but specific information regarding 
the technique and optimizing outcomes is not 
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discussed.*° In part, this is secondary to the 
paucity of outcomes-driven data available. 

In general, the urodynamics set-up is similar to 
standard multichannel urodynamics but includes 
additional capabilities of integrating imaging 
(most commonly fluoroscopy) with the urodynam- 
ics tracings. VUDS essentially combines a voiding 
cystourethrogram with the cystometrogram and 
pressure flow tracings in standard multichannel 
urodynamics. 

The components of VUDS typically include 


Initial noninvasive free flow 

Cystometrogram 

Pressure flow measurements 

EMG potentials representative of the external 
urinary sphincter 

e Fluoroscopy for the voiding cystourethrogram 


Equipment 


Multichannel urodynamics 

The mainstay equipment remains similar for that 
needed in traditional urodynamics. A multichannel 
urodynamics machine is required. The terminal 
should have an additional input for the video signal 
from fluoroscopy. Standards should meet those 
set forth by the ICS. Software integrates the image 
signal to the corresponding time point along the 
urodynamics tracing. 


Fluoroscopy 

Fluoroscopy is the most widely used imaging mo- 
dality in urodynamics. A typical set-up uses a free- 
standing C-arm fluoroscopy machine, but an 
integrated fluoroscopy table may be used. Modern 
fluoroscopy machines produce a digital image. |' 
The potential benefit of these devices is the lower 
radiation dose necessary for image acquisition 
secondary to digital detectors and automated 
control logic that reduces exposure.'' Live image 
output is typically transmitted from the fluoros- 
copy unit to the terminal via coaxial cable. 

A facility operating radiologic equipment is often 
subject to safety requirements set forth by regula- 
tory bodies. These vary depending on geographic 
location but typically include standards for the fa- 
cility or room in which the device is operated and 
the credentialing of the operating technician. 
lonizing radiation has inherent risk and guidelines 


Fig. 6. (A) Normal micturition demonstrates funneling 
of the bladder neck. (B) This VUDS study demonstrates 
failure of the bladder neck to funnel during voiding 
along with quiescence of the EMG on the urodynamics 
tracing, suggestive of PBNO. P abd, abdominal pres- 
sure; P ves, vesical pressure; P det, detrusor pressure. 


must be followed to ensure the safety of patients 
and staff. 


Contrast 

Soluble iodized contrast medium replaces sterile 
water as the infusion medium for visualization with 
fluoroscopic imaging. Common formulations are io- 
thalamate meglumine and diatrizoate meglumine, 
in low concentrations (17.2% and 18%, res- 
pectively) making the viscosity closer to that of 
water.'* These agents are intended for extravas- 
cular use only. The solutions are often more viscous 
than water and the urodynamics equipment must 
be specifically calibrated to account for the viscos- 
ity of the chosen contrast media. This ensures the 
accuracy of the infused volume, voided volume, 
and flow rate. Provider practices vary and these 
agents are often further diluted with sterile water 
or saline. Few data exist evaluating the clinical 
outcomes when using diluted contrast. A single 
study evaluating the interpretability of fluoroscopic 
images during urodynamics, using 250 mL of 
contrast followed by saline, however, demon- 
strated no difference in interpretability. '° 


Specialized fluoroscopy table 

Acquiring images during a study may be chal- 
lenging. Reproducing symptoms is key in gener- 
ating meaningful results and recreating the 
normal ergonomics of micturition is important in 
reproduction of symptoms. Using fluoroscopy re- 
quires positioning for image acquisition with the 
C-arm. In men, who stand upright to void, posi- 
tioning of the C-arm to image the pelvis while void- 
ing may be simple. In those patients who sit to 
void, specialized fluoroscopy tables may be help- 
ful. These tables permit transmission of the radio- 
graph and allow patients to position themselves in 
a more natural stance. They often have a cutout, 
allowing urine to easily direct into the uroflowmetry 
in a seated position. 


Set-Up and Technique 


Multichannel urodynamics are set up according to 
ICS guidelines.* The bladder is catheterized for the 
postvoid volume, ensuring an empty bladder 
before starting urodynamics. Similar to traditional 
pressure flow recordings, the pressure trans- 
ducers are zeroed to atmosphere at the level of 
the pubic symphysis. Typically, a 7-French duel- 
lumen filling and recording catheter is inserted 
into the bladder to obtain intravesical pressure. A 
single-lumen rectal catheter is inserted to estimate 
abdominal pressure. The difference between these 
pressures estimates the pressure generated by the 
detrusor muscle. EMG electrodes are adhered to 
the region around the anal sphincter if indicated. 
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Filling cystometry is performed according to ICS 
guidelines, and the infusion pump is calibrated to 
account for the viscosity of the intravesical contrast 
agent. When switching between contrast media 
and water, the urodynamics technician must verify 
that the proper calibration setting is selected on the 
terminal. 

Patients are typically placed in either a natural 
seated position or standing position using a spe- 
cialized fluoroscopy table. Sequential fluoroscopic 
images are obtained, typically in an anterior- 
posterior view focusing on the pelvis. Urodynami- 
cists may include a lateral or oblique view to better 
visualize the sagittal plane of the urethra as well as 
any mobility of the bladder, such as in pelvic organ 
prolapse. It is important to include the anatomic 
location of the urethra within the field of view for 
proper assessment during micturition. The number 
and timing of images typically vary based on local 
protocol. Few data exist on optimized image se- 
quence, and guidelines do not address any rec- 
ommended protocol. In general, a prefilling or 
scout image should be acquired as a baseline. 
The next image in sequence should follow early 
in filling to ensure that the bladder is filling prop- 
erly, that contrast can be visualized, and to rule 
out VUR, posterior urethral anomalies, or extrava- 
sation. Voiding images are obtained to assess the 
bladder neck and urethra during micturition. A 
postvoid film may identify residual contrast that 
pools in a bladder diverticulum or cystocele (see 
Fig. 4) 

Data have been published regarding safety of 
image acquisition. Newer digital fluoroscopy uses 
less radiation than older counterparts; however, to- 
tal dose accumulation remains a concern, not only 
for patients but also for operators. Effort is being 
made to reduce the dose of ionizing radiation in 
medical imaging. Reduction of total accumulated 
dose is achieved if a total of only 4 to 5 images is 
acquired.'* Timing of these images according to 
one center’s protocol includes 1 image obtained 
at baseline (scout), 1 during filling, 1 image during 
a Valsalva, 1 image during voiding, and 1 repeated 
image during voiding if the catheter needs to be 
removed. '* This protocol was able to reduce pa- 
tients’ dose of ionizing radiation by a factor of 3 
without altering the interpretation of the urody- 
namic studies.'* This is just a recommendation 
and if the particular question to be answered re- 
quires more images or continuous fluoroscopy, 
that is appropriate. 

The key use for fluoroscopic imaging during 
urodynamics is to assess for functional storage 
problems and functional or anatomic voiding prob- 
lems. During filling, urodynamacist must be dili- 
gent to identify VUR, a possible indicator for 
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poor bladder compliance, as well as evidence of a 
bladder diverticulum, which may act as a pressure 
sink and mask evidence of outlet obstruction (see 
Figs. 1 and 3). In men with prostate enlargement, 
an intravesical median lobe may be readily 
apparent. The general urodynamics protocol for 
assessing incontinence includes generation of in- 
travesical pressure with Valsalva or cough, and 
use of fluoroscopy may help identify incontinence 
as well as bladder mobility.* A cystocele that was 
present on physical examination may look more 
prominent on imaging and is best viewed in both 
anterior-posterior and lateral or oblique views. If 
obstruction is considered on the pressure flow 
tracing and a significant cystocele is noted, 
repeating the pressure flow with cystocele reduc- 
tion may be considered to determine if outlet resis- 
tance was increased by the descending pelvic 
organ prolapse and to identify any occult inconti- 
nence (stress incontinence on prolapse reduction 
or latent stress incontinence).”*'° 

During micturition, imaging may identify VUR 
that occurs during voiding that was not present 
during fill, suggesting a pop-off mechanism at 
higher voiding pressures. The bladder neck should 
demonstrate relaxation or funneling during micturi- 
tion, typically easier to identify in women because 
the prostate shadow often obscures this area in 
men (see Fig. 6A). The urethra should additionally 
be visualized to identify any narrowing of the urine 
stream or cutoff points that may suggest either 
anatomic obstruction from a stricture or prior re- 
construction (such as a suburethral sling) versus 
functional obstruction from improperly coordi- 
nated relaxation of the external urinary sphincter 
or levator musculature. In cases of patients with 
a known neurologic condition, this likely repre- 
sents DESD and can be compared with EMG 
data. Often, the patch electrodes from the EMG 
produce a poor tracing, and the fluoroscopic im- 
age may be the only data available to correlate 
with a patient’s symptoms. 

Additional information may be derived from the 
fluoroscopic images, not specific to the dynamics 
of voiding, but those that may not be readily 
evident in a history and physical examination. 
The observer should note any filling defects that 
may require further assessment with cystoscopy 
or advanced imaging. Filling defects may repre- 
sent bladder tumors, urolithiasis, foreign body, 
or even sediment in the urine (often visualized as 
layering). Although rarely identified on voiding 
cystourethrogram imaging during VUDS, a ure- 
thral diverticulum may be evident lateral to or 
superimposed along the urethra and may be the 
cause of incontinence or obstructive voiding 
symptoms. 


Limitations 


Although a useful diagnostic test in the properly 
selected population, there are limitations to the ca- 
pabilities of VUDS. As with traditional urodynam- 
ics, there is a subset of patients who are not able 
to micturate during the study. The cause is likely 
multifactorial, but the proportion of nonvoiders in- 
creases for VUDS.® 1°18 Possible contributing fac- 
tors include the presence of a urethral catheter, 
physical and psychological discomfort from the 
procedure, the unusual voiding environment that 
does not imitate the usual socially acceptable con- 
ditions for micturition, and even the voiding posi- 
tion required for the study, which often does not 
imitate the natural voiding posture patients as- 
sume in their own bathroom. Specifically with 
VUDS, the micturition position is less natural sec- 
ondary to the need for a fluoroscopy table and 
the placement of the C-arm around a patient’s 
pelvis. Another significant factor is probably the 
number of additional persons in the urodynamics 
suite during VUDS, often including a radiology 
technician, an operator (registered nurse, midlevel 
provider, or technician), and clinician. 


SUMMARY 


Appropriate and judicious use of VUDS lends to 
improved diagnostic acumen in well-selected pa- 
tient populations. Paramount to obtaining useful 
data is proper patient selection, accomplished 
with a careful initial assessment focusing on symp- 
toms, medical comorbidities, and past medical or 
surgical interventions. Guidelines specifically ad- 
dressing selection between standard urodynamics 
versus the addition of fluoroscopic imaging are 
limited and outcomes data regarding technique 
are sparse. Clinicians must be mindful of the po- 
tential added cost, safety concerns, and limita- 
tions when considering the best study to further 
delineate a definitive diagnosis. 


REFERENCES 


1. Bates CP, Corney CE. Synchronous cine-pressure- 
flow cystography: a method of routine urodynamic 
investigation. Br J Radiol 1971;44(517):44-50. 

2. Manoliu RA, Grimbergen HA, Ouwerkerk TJ, et al. 
Combined dynamic studies of the bladder and 
urethra. Report of a method. Eur Urol 1979;5(6): 
337-42. 

3. Whiteside G, Bates P. Synchronous video pressure- 
flow cystourethrography. Urol Clin North Am 1979; 
6(1):93-102. 

4. Schafer W, Abrams P, Liao L, et al. Good urody- 
namic practices: uroflowmetry, filling cystometry, 


10. 


and pressure-flow studies. Neurourol Urodyn 2002; 
21(3):261-74. 


. Winters JC, Dmochowski RR, Goldman HB, et al. 


Urodynamic studies in adults: AUA/SUFU guideline. 
J Urol 2012;188(Suppl 6):2464—72. 


. Sakakibara R, Hattori T, Uchiyama T, et al. Video- 


urodynamic and sphincter motor unit potential ana- 
lyses in Parkinson’s disease and multiple system 
atrophy. J Neurol Neurosurg Psychiatr 2001;71(5): 
600-6. 


. Chaikin DC, Groutz A, Blaivas JG. Predicting the 


need for anti-incontinence surgery in continent 
women undergoing repair of severe urogenital pro- 
lapse. J Urol 2000;163(2):531-4. 


. Rovner ES, Banner MP, Ramchandani P, et al. 


Clinical Videourodynamics. AUA Update Series 
2003;XXII(35):278. 


. Aponte MM, Shah SR, Hickling D, et al. Urodynamics 


for clinically suspected obstruction after anti- 
incontinence surgery in women. J Urol 2013; 
190(2):598-602. 

Brucker BM, Fong E, Shah S, et al. Urodynamic 
differences between dysfunctional voiding and 


11. 


12. 


13. 


14. 


15. 


16. 


Videourodynamics 


primary bladder neck obstruction in women. Urol- 
ogy 2012;80(1):55-60. 

Lin PJ. Technical advances of interventional fluoros- 
copy and flat panel image receptor. Health Phys 
2008;95(5):650-7. 

American College of Radiology: ACR Manual 
on Contrast Media, Version 9. 2013, 9(9): 123. Avail- 
able at: http:/Awww.acr.org/quality-safety/resources/ 
contrast-manual. 

Marks B, Vasavada S, Goldman HB. 2282 Contrast 
concentration does not alter fluoro-urodynamic inter- 
pretation. J Urol 2013;189(4):e936. 

Lee CL, Wunderle K, Vasavada SP, et al. Reduction 
of radiation during fluoroscopic urodynamics: anal- 
ysis of quality assurance protocol limiting fluoro- 
scopic images during fluoroscopic urodynamic 
studies. Urology 2011;78(3):540-3. 

Herschorn S, Peers G. Videourodynamics. In: 
Drutz HP, Herschorn S, Diamant NE, editors. Female 
pelvic medicine and reconstructive pelvic surgery. 
London: Springer; 2003. p. 107-19. 

Nitti VW, Tu LM, Gitlin J. Diagnosing bladder outlet 
obstruction in women. J Urol 1999;161(5):1535—-40. 


391 


Urodynamics in Stress 


Incontinence 


When Are They Necessary and How Do We 


Use Them? 


Lysanne Campeau, MD, PhD, FRCSC 


KEYWORDS 


e Stress urinary incontinence ¢ Mixed urinary incontinence * Urodynamics ® Cystometry 


e Midurethral slings © TVT ¢ TVT-O 


KEY POINTS 


e Surgical treatment of stress urinary incontinence with retropubic or transobturator midurethral 
slings offers excellent results with a low risk of adverse events. 

e Urodynamics are prudent when the diagnosis of stress urinary incontinence is not confirmed by 
other investigations or when prior surgical intervention has failed. 

e Two recent noninferiority randomized controlled trials did not demonstrate a significant difference 
in objective and subjective treatment outcome following stress urinary incontinence surgery 
between women who had a preoperative office evaluation or urodynamic studies. 


Urinary incontinence is defined as the “complaint 
of involuntary loss of urine”. Several types of uri- 
nary incontinence have been described that may 
require different treatment approaches. The pre- 
valence of urinary incontinence in women older 
than 20 years is 25% and increases with age. 
Half of incontinent women experience stress in- 
continence alone, and 36% have mixed incon- 
tinence.* Stress urinary incontinence (SUI) is 
defined as the “complaint of involuntary loss of 
urine on effort or physical exertion, or on sneezing 
and coughing”.' The diagnosis of SUI in women is 
based on symptoms and signs as demonstrated 
on the physical examination or on urodynamic 
observation in the absence of a detrusor contrac- 
tion.° Stress incontinence may also be diagnosed 
in the presence of other conditions, such as urinary 
frequency, urgency, nocturia, or voiding difficulty. 
Other types of urinary incontinence can coexist 
with SUI, such as urgency urinary incontinence 
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(UUI), mixed urinary incontinence (MUI), or noc- 
turnal enuresis. 


COST OF URODYNAMIC STUDIES 


The goal of urodynamic studies (UDS) in women 
with SUI is to objectively demonstrate the type of 
urinary incontinence and exclude other diagnoses. 
Therefore, this assessment may be helpful when 
the benefits outweigh the costs. The main benefits 
would be to improve patient outcomes (ie, cure the 
urinary incontinence) and prevent any adverse 
events. The costs are related to the invasive nature 
of the test. It can cause patient embarrassment,* 
pain during and after the test,° and urinary tract in- 
fections. UDS are expensive, time-consuming 
evaluations, with costs that vary according to 
health care systems. A cost-effectiveness study 
demonstrated that a basic office evaluation was 
less costly to cure incontinence in a population 
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with highly prevalent SUl-only patients.’ A deci- 
sion analysis model demonstrated that immediate 
sling placement for women with pure SUI or MUI 
was less costly and more effective than basing 
the treatment decision on the UDS finding.® UDS 
interpretation is subjected to variable reliability 
and quality, as it is highly operator dependent. 
Urodynamic testing has the risk of false positives 
from a series of physiologic and equipment arti- 
facts, which include straining, rectal contraction, 
or poor pressure transmission.2 On the other 
hand, it can result in false negatives if it does not 
reproduce the patients’ symptoms. For instance, 
10% to 18% of asymptomatic volunteers have un- 
inhibited detrusor contractions on the urodynamic 
evaluation; up to 40% of patients with urge incon- 
tinence do not show detrusor overactivity on 
cystometrogram. '° 


URODYNAMIC EVALUATION 


UDS can describe a series of different physiologic 
tests but most commonly refers to the more com- 
plete assessment of multichannel cystometry. 
Simultaneous recording of intravesical and intra- 
abdominal pressure allows an assessment of 
bladder sensation, capacity, and compliance, 
along with the voiding pattern. 


A 


Urethral function in a setting of clinical SUI can 
be better understood during cystometry. It can 
show a normal urethral closure mechanism or an 
incompetent one with either urethral relaxation 
incontinence (leakage in the absence of raised 
abdominal pressure) or urodynamic stress inconti- 
nence (with an increased intra-abdominal pres- 
sure). The urethral pressure profile can also be 
measured along with leak point pressures. The 
abdominal leak point pressure (ALPP) or the Val- 
salva leak point pressure (VLPP) is particularly of 
interest in the urodynamic assessment of SUI, as 
it establishes the lowest intravesical pressure 
required to provoke urinary leakage per urethra 
in the absence of a detrusor contraction (Fig. 1).' 

Certain observations or diagnoses that can 
coexist with SUI can only be made with the urody- 
namic evaluation: an overactive detrusor function 
(with or without incontinence), an abnormal detru- 
sor activity during voiding (detrusor underactivity), 
or abnormal compliance. Abnormal urethral func- 
tions, such as a bladder outlet obstruction or dys- 
functional voiding, can only be confirmed during 
pressure-flow studies. 


CLINICAL SCENARIOS 


Urodynamics are prudent in scenarios whereby 
the complete diagnosis of patients cannot be 


B 


Fig. 1. Urodynamic stress incontinence with hypermobility. (A) Cystography at rest. (B) Cystography with Valsalva 
showing contrast leaking in urethra and hypermobility of the bladder neck and urethra. (C) Cystometry with sequen- 
tial increase in generated abdominal pressure, with concomitant increase in vesical pressure. Lowest vesical pressure 
required to cause leakage per urethra shows ALPP of 109 cm H20. Pabd, abdominal pressure; Pdet, detrusor pressure; 
Pves, vesical pressure. (Courtesy of Dr Victor Nitti, New York, NY.) 


made otherwise, and the diagnosis is required for 
adequate and safe treatment. The possible sce- 
narios of a woman presenting with a complaint of 
SUI on history are as follows: (1) The diagnosis of 
SUI is confirmed by other modalities, and other 
diagnoses are unlikely based on the assessment. 
(2) The diagnosis of SUI is confirmed, and other 
diagnoses are not excluded. (3) The diagnosis of 
SUI is suspected but not confirmed, and other di- 
agnoses are unlikely based on the assessment. (4) 
The diagnosis of SUI is suspected but not con- 
firmed, and other diagnoses are not excluded. 

The first scenario would be a case whereby clin- 
ical stress leakage was demonstrated on the phy- 
sical examination, and other diagnoses, such as 
UUI, were not elicited on history or questionnaires, 
with a normal uroflowmetry and postvoid residual. 
The second scenario may occur if a patient has 
symptoms of MUI (complaint of involuntary leakage 
associated with urgency and also with effort, exer- 
tion, sneezing, and coughing) with clinical stress 
leakage. If the diagnosis of SUI is suspected but 
not confirmed, it is wise to demonstrate it before 
considering surgical treatment; this could be 
achieved with a urodynamic evaluation. Most sur- 
geons would agree that UDS would be useful in 
the third and fourth scenario without being a ques- 
tion of debate. It is also judicious to consider UDS 
for recurrent SUI if a prior surgical intervention 
has failed for better treatment planning. 


WHY ARE WE ASKING THE QUESTION? 


The necessity of UDS in the clinical management of 
SUI is being questioned because of the uncertain 
diagnostic accuracy and associated costs and 
risks. The diagnostic accuracy of a test can be 
determined by comparing its test results against 
a diagnostic gold standard, which defines true dis- 
ease status. As this does not exist for the clinical 
entity of SUI, the diagnostic accuracy is extrapo- 
lated for the outcomes of SUI treatment after the 
urodynamic assessment.'' If urodynamics help 
guide management and make the right treatment 
decision to improve patient outcomes, it may, 
therefore, outweigh the associated costs and risks. 

UDS should be performed after formulating 
specific questions: What information must be ob- 
tained? What urodynamic technique is the most 
appropriate to obtain it?'* Depending on the uro- 
dynamic findings, the management may be 
altered. The results may indicate if surgical treat- 
ment could benefit patients and, if so, guide the 
preferable surgical option. If the urodynamic re- 
sults do not suggest that surgical treatment would 
be indicated, alternative treatment modalities may 
be considered. 


Urodynamics in Stress Incontinence 


COMPARING OFFICE EVALUATION VERSUS 
PREOPERATIVE UDS 


Two recent noninferiority randomized controlled 
trials have addressed the question. The Value 
of Urodynamics prior to Stress Incontinence Sur- 
gery randomized 59 women with SUI or stress- 
predominant MUI to a treatment strategy with 
or without UDS from different centers. Their 
study was underpowered because of slow 
recruitment. The clinical reduction of complaints 
after 12 months was in favor of the group without 
urodynamics. Urodynamics did not result in a 
lower occurrence of de novo urgency.'*? The 
large multicenter Value of Urodynamic Evalua- 
tion (VaLUE) study randomized 630 women plan- 
ning to undergo surgery for SUI to an office 
evaluation or urodynamic testing. A provocative 
stress test was positive for all patients before 
randomization. After adjusting for the baseline 
differences between the 2 groups (duration of in- 
continence; Incontinence Severity Index score; 
and status with respect to smoking, history of 
nonsurgical treatment of urinary incontinence, 
current use of hormone-replacement therapy, 
and urethral mobility), the treatment success 
met the noninferiority for office evaluation only 
at the 1-year follow-up. There were no differ- 
ences in adverse events outcomes. The preoper- 
ative diagnosis was more likely to change after 
the urodynamic evaluation but did not change 
the distribution of surgical treatment compared 
with the office evaluation only. '* The physician’s 
confidence in the diagnosis improved after UDS 
but did not correlate with the treatment suc- 
cess.'° A secondary analysis of the VaLUE trial 
examined the diagnosis change following UDS 
and its impact on the treatment plan in efficacy 
outcomes. The UDS decreased the diagnoses 
of overactive bladder (OAB)-dry, OAB-wet, and 
intrinsic sphincter deficiency (ISD) but increased 
the diagnosis of voiding dysfunction. The num- 
ber of SUI diagnoses did not change. There 
was a global treatment plan change in 14% of 
patients. Surgery was canceled in 1.4%, and 
the procedure changed in 5.4%. These changes 
were not associated with more successful out- 
comes but increased the odds of the treatment 
of urgency at 3 and 12 months postoperatively. '© 
The findings of these 2 trials, which included pa- 
tients with very strict selection criteria managed 
by expert hands, may not be generalizable to 
the wide clinical population. 

Clement and colleagues'' reported a Cochrane 
review on the value of urodynamic investigations in 
the treatment of urinary incontinence. They in- 
cluded eight 2-arm randomized controlled trials. 
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Three of these were done in women with predom- 
inant SUI, including those 2 previously mentioned 
trials. They demonstrated no statistically signifi- 
cant difference in the primary outcome of urinary 
incontinence between women undergoing an 
office evaluation or urodynamic investigations. 
Another meta-analysis that gathered the results 
of these 2 trials and another unpublished study 
to compare the outcomes after surgery for SUI 
found no statistical difference in subjective or 
objective cure/improvement. Voiding dysfunction 
was similar in both groups, and there was a trend 
for continued treatment of urgency in the office- 
evaluation group.'’ Meta-analyses offer a useful 
global perspective of the highest quality of evi- 
dence by grouping patients from several high- 
quality trials and comparing outcomes between 
many patients. Although offering the advantage 
of a higher power from a larger sample, it brings 
in the limitation of a potentially more heteroge- 
neous group and obscuring a more individualized 
approach. 


TYPES OF URINARY INCONTINENCE 


Symptoms can help elucidate the type of inconti- 
nence present. Certain patients have stress- 
predominant incontinence symptoms. There is 
also a group of patients with insensible inconti- 
nence, as “the complaint of urinary incontinence 
where the woman has been unaware of how it 
occurred”.' These patients will benefit from uro- 
dynamic evaluation, as urodynamic SUI is the 
most prevalent finding in this population and 
could be treated accordingly.'® Other patients 
may be unable to determine the predominant 
type between UUI and SUI and, therefore, fall in 
the category of MUI. Heinonen and colleagues!” 
report a poorer short-term and long-term 
outcome in women with MUI who underwent a 
tension-free vaginal tape (TVT) procedure without 
preoperative urodynamic testing, as compared 
with women with SUI alone (69% vs 97% at 
36 months). However, their long-term success of 
women with SUI 10 years after the TVT procedure 
without preoperative urodynamics was quite high 
(90% objective and 78% subjective cure rates). 
Patients with MUI fair worse after a midurethral 
sling procedure as compared with SUI alone. A 
systematic review and meta-analysis of random- 
ized trials and prospective studies showed a sub- 
jective cure rate of 56.4% at 34.9 + 22.9 months’ 
follow-up. Women with MUI did not have any sig- 
nificant difference in subjective and UUI cure 
rates between the transobturator and retropubic 
approach.”° 


SELECTION OF SURGICAL TECHNIQUE 


The Trial of Mid-Urethral Slings (TOMUS) ran- 
domized 597 women with a positive urinary stress 
test to undergo a midurethral sling through either 
a retropubic or transobturator route. They all had 
a preoperative urodynamic evaluation blinded to 
the surgeon, and the urodynamic stress leakage 
was not required. There were no objective or sub- 
jective differences in treatment success between 
both groups, even when adjusted for VLPP or 
maximum urethral closure pressure at 12 or 
24 months.?1':22 

Lemack and colleagues*° analyzed the preoper- 
ative standardized UDS performed on the parti- 
cipants of the Stress Incontinence Treatment 
Efficacy Trial that randomized patients to Burch 
colposuspension or pubovaginal sling. No UDS 
findings were associated with an increased risk 
of voiding dysfunction (defined as the use of a 
catheter or the need for reoperation) in either 
group. 

The demonstration of urodynamically proven 
MUI may not be a prognostic factor for treat- 
ment success according to the type of proce- 
dure. In fact, a prospective cohort of women 
with urodynamically proven MUI treated with a 
midurethral sling did not have any significant 
differences in postoperative symptoms between 
those who underwent TVT or _ tension-free 
vaginal tape obturator (TVT-O). However, 
those who underwent TVT had a lower risk of 
having detrusor overactivity on UDS after 
12 months.”4 

The presence of ISD or urethral mobility (as 
demonstrated with the cotton swab test) provides 
important information about the nature of the 
stress incontinence. The value of the maximal 
urethral closure pressure (MUCP) or the ALPP 
does not correlate with each other,?° and both ur- 
odynamic parameters may not correlate with ure- 
thral mobility.2°” In the TOMUS trial, body mass 
index and detrusor pressure at maximal flow 
(PdetQmax) positively correlated with the VLPP 
and MUCP. Pad weight and age negatively 
correlated with MUCP, whereas the duration of 
incontinence negatively correlated with the 
VLPP.?® A randomized study of TVT versus 
Monarc found that the retropubic approach was 
more effective in women with urodynamic SUI 
and ISD as defined by a MUCP of 20 cm H20 or 
less or a VLPP of 60 cm H20 or less, with no 
mention of urethral mobility.2° The value of the 
VLPP in a retrospective study of 204 women 
who underwent TVT-O did not impact the treat- 
ment outcome or self-reported quality of life 
postoperatively.°° 


SUMMARY 


The decision to use urodynamics as a diagnostic 
tool should be made according the expertise and 
the ability of the surgeon to efficiently use this in- 
formation for planning SUI treatment. As a surgeon 
gains experience and training to interpret urody- 
namic tracings, it becomes more valuable. For 
the same reason, the experienced surgeon may 
become more selective for patients who would 
benefit from urodynamic evaluation and use it 
more judiciously. The specialty-trained surgeon 
will likely treat patients of higher complexity who 
may benefit from the additional evidence gained 
from a urodynamic evaluation. They, therefore, 
manage fewer patients with uncomplicated SUI. 
Their expertise and clinical experience could 
potentially allow them to treat and manage pa- 
tients with simple SUI with or without preoperative 
UDS. This might explain why the 2 major random- 
ized clinical trials did not identify any significant 
difference in outcome with or without preoperative 
urodynamics for the treatment of SUI. Ultimately, 
the necessity and value of a urodynamic eva- 
luation will vary according to each surgeon’s 
expertise and each patient’s unique type of 
incontinence, severity, and concomitant urinary 
symptoms. 
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KEY POINTS 


e There is no effective method of diagnosing benign prostatic obstruction (BPO) other than pressure 


flow urodynamics (PFUDS). 


e The outcomes for surgical outlet reduction are worse for patients who do not demonstrate outlet 


obstruction on PFUDS. 


e Patients with male lower urinary tract symptoms (MLUTS) prefer a shared problem-solving and 
decision-making model when evaluating treatment strategies. 


INTRODUCTION 


Lower urinary tract symptoms (LUTS) are a 
frequently encountered constellation of symptoms 
that consist of deviations from the usual storage 
and emptying functions of the lower urinary tract. 
The term male lower urinary tract symptoms 
describes an older male presenting with LUTS 
and implies no particular cause of these symp- 
toms. This index patient has been depicted as a 
middle-aged or elderly man (often >50 years) 
with bothersome dysfunction of urinary storage, 
voiding, and/or the postmicturition period that 
often consists of a combination of frequency, ur- 
gency, nocturia, as well as hesitancy, weak stream, 
and feeling of incomplete emptying. Because an 
enlarged prostate gland that causes obstruction of 
the urinary outflow is the most likely cause of these 
symptoms, the term benign prostatic hyperplasia 
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(BPH) has historically been attached to these symp- 
toms. More recently, the terms benign prostatic 
enlargement (BPE) and benign prostatic obstruction 
(BPO) have largely taken the place of BPH, a term 
limited to the histologic proliferation of smooth mus- 
cle and epithelial cells in the prostate gland. It is 
difficult to define what characterizes clinically signif- 
icant MLUTS, but patient-reported bother certainly 
plays the central role in clinical decision making. 
Because bother, prostate size, and urodynamically 
proven outflow obstruction are not always well 
correlated, it is not possible to make assumptions 
that LUTS occurring in men are explained by BPO 
caused by BPE. Therefore, the identification of 
causes of non-BPO MLUTS is a key component of 
each step of the evaluation of these patients. For 
the purposes of this article, all patients who pre- 
sent like the index patient are considered: with 
bothersome MLUTS without known cause, but 
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statistically likely to be caused by BPO. Although 
the focus is on the role of urodynamics (UDS) in 
adding value to the evaluation of the patient with 
MLUTS suggestive of BPO, the value of UDS 
in identifying other causes of LUTS is also 
considered. 

Describing the epidemiology and natural history 
of the problem of MLUTS is somewhat compli- 
cated by the way in which MLUTS is defined 
because of the use of data from studies of patients 
with BPH. There are biases present when extrapo- 
lating data from clinical trial populations, and 
testing for BPE, BPO, or histologic BPH would 
be invasive and costly; therefore, prostate and/or 
outlet obstruction is not necessarily the cause of 
LUTS in all patients in these calculations. It is 
reasonable to examine the efficiency and effec- 
tiveness of care for patients with MLUTS by start- 
ing with the evaluation of an undifferentiated 
symptomatic index patient, not the patient with 
definitive MLUTS with BPO. It is accepted that 
MLUTS is a common problem that deserves our 
attention. In the United States, moderate to severe 
LUTS was approximated to occur in 6.7 million of 
the 27 million men aged 50 to 79 years in the 
year 2000.' In the United Kingdom between 1992 
and 2001, the prevalence of LUTS in a general 
practice population was around 3.5% for men in 
their 40s, increasing to greater than 30% for men 
older than 85 years.” In Sweden, a population 
study of 40,000 men aged 45 to 79 years showed 
18.5% of men having moderate symptoms and 
4.8% having severe LUTS.° Wei and colleagues’ 
also note that the significant variation in the man- 
agement of patients with MLUTS is a concern for 
the quality of care for this condition. 

The focus on when UDS is necessary in MLUTS 
and how it is used boils down to the value that 
these studies add for shared decision making 
with patients and for determining the effectiveness 
of therapy. Educating patients on the various 
tradeoffs within treatment choices helps meet 
the objectives for treating MLUTS: improving 
patients’ quality of life by relief of bothersome 
symptoms, avoiding morbidity, and potentially 
slowing disease progression. Ideally, each individ- 
ual could be accurately diagnosed, the outcomes 
of conservative management or active treatments 
could be predicted, and the chance of success 
could be maximized while minimizing adverse 
events, costly repeat evaluations, re-treatment, 
and failures — thus theoretically improving both pa- 
tient and provider satisfaction. Avoiding the mor- 
bidities of BPO including acute or chronic urinary 
retention, the need for catheterization, and the 
attendant problems therein, urinary tract infections 
(UTIs), obstructive uropathy, and urinary calculi 


should also be considered benefits of appropriate 
treatment. The authors’ objective is to define the 
role of UDS in the current diagnostic algorithm 
and treatment of MLUTS in general, and especially 
MLUTS that is nonneurogenic, not associated with 
malignancy or other comorbid conditions, and not 
caused by infection, trauma, medications, radia- 
tion, or surgery. 

Clinical guidelines are a valuable source of 
aggregated data and current expert opinion on 
the evaluation and treatment of MLUTS. The Amer- 
ican Urological Association (AUA) and has pub- 
lished updated guidelines in the past 3 years that 
discuss the role of UDS in the diagnosis and 
workup of MLUTS, especially in the context of 
BPO.* The AUA/SUFU (Society of Urodynamics, 
Female Pelvic Mecidine and Urogenital Recon- 
struction) Guidelines on Urodynamics in Adults 
also addresses this issue.° In addition, the 6th Inter- 
national Consultation on Urologic Diseases (ICUD) 
consensus document was developed in 2005 and 
later summarized by Abrams and colleagues® 
providing the basis for many of the subsequent al- 
gorithms. It is useful to examine these guidelines 
and review the evidence that led to their adoption 
so that one can apply these guidelines to the 
appropriate populations in practice. These guide- 
lines characterize the specific index patient to 
which they apply, and understanding when UDS 
is recommended and also where patients come 
to intervention points with multiple options in an al- 
gorithm, or fall off the algorithm altogether, can help 
define when urodynamic evaluations provide value. 

The 6th International Consultation on New 
Developments in Prostate Cancer & Prostate Dis- 
eases took place in 2005, and the consensus docu- 
ment on “Male Lower Urinary Tract Dysfunction: 
Evaluation and Management” was published in 
2006 and summarized by Abrams and colleagues® 
in 2009. The guidelines on “Evaluation and Treat- 
ment of Lower Urinary Tract Symptoms in Older 
Men” delineate a basic evaluation of the index pa- 
tient including history, assessment of symptoms 
and bother, physical examination and digital rectal 
examination, urinalysis, serum prostate-specific 
antigen levels, and frequency-volume charts. For 
patients considering active treatment, the panel 
also recommends symptom quantification with 
validated questionnaires (I-PSS, ICIQ-MLUTS, 
and DAN-PSS-1), flow rate recording, postvoid 
residual (PVR), prostate imaging via ultrasonogra- 
phy, upper tract imaging and endoscopy under 
certain circumstances, and pressure flow studies 
(PFSs), which are recommended before invasive 
therapy in men with a maximum urinary flow rate 
(Qmax) greater than 10 mL/s. The argument made 
is that flow rates above this level raise suspicion 


of causes of LUTS other than obstruction and pa- 
tients who do not have obstruction are less likely 
to benefit from outlet reduction procedures. 

The AUA guidelines on the Management of 
Benign Prostatic Hyperplasia (BPH) have under- 
gone multiple revisions since they were initially 
presented in 1994, most recently in 2010,4 
and are available at www.auanet.org/content/ 
guidelines-and-quality-care/clinical-guidelines. 
cfm?sub5 bph. The algorithms presented in the 
guidelines were adopted from the ICUD docu- 
ment and again include the use of PFSs when 
the patient is being offered minimally invasive 
or invasive surgical treatment and the evaluation 
does not clearly indicate obstruction, that is, the 
maximum flow rate on uroflowmetry is greater 
than 10 mL/s. The committee notes that PFSs 
are an optional part of the evaluation, which cat- 
egorizes their use as having the highest level of 
flexibility with regard to application of guideline 
statements. 

The AUA also addresses MLUTS in the AUA/ 
SUFU Guidelines on Urodynamics in Adults.° The 
panel recommends uroflowmetry for the initial 
diagnosis and ongoing management of MLUTS 
with a grade C level of evidence and makes note 
of the pitfall of variability of the measurements, 
as well as the risks of false positives and false neg- 
atives. The panel separately addresses cystome- 
try and PFSs. Multichannel filling cystometry is 
noted to have little evidence for use in the manage- 
ment of patients with LUTS, with expert opinion 
cited as the basis for recommending that cystom- 
etry may be performed to identify detrusor overac- 
tivity (DO) or poor compliance when invasive/ 
irreversible treatments are being considered. The 
panel recommends PFSs as a standard with grade 
B evidence, stating that they should be performed 
when diagnosing obstruction is important, espe- 
cially when considering invasive treatment. The 
panel notes that the current scientific evidence, 
although not without variability, does point to PFS- 
confirmed obstruction as a predictor of improved 
outcomes from treatment. The guideline also spec- 
ifies that the urodynamic study itself should be dis- 
cussed with the patient with regard to its benefits, 
shortcomings, and possible complications. 

The European Association of Urology (EAU) had 
previously published guidelines under the title 
“Assessment, Therapy and Follow-Up of Men 
with Lower Urinary Tract Symptoms Suggestive 
of Benign Prostatic Obstruction (BPH Guidelines).” 
These were most recently updated in 2013 and 
summarized by Oelke and colleagues’ in their 
article “EAU Guidelines on the Treatment and 
Follow-up of Non-neurogenic Male Lower Urinary 
Tract Symptoms Including Benign Prostatic 
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Obstruction.” The updated document takes a 
symptom- and treatment-based approach and 
does not delineate specific guidelines regarding 
the workup of patients with MLUTS. 

McNicholas and colleagues® convey a similar 
outlook in Campbell-Walsh Urology, Tenth Edition: 
“If the initial evaluation, flow rate, and PVR urine 
volume are not sufficiently suggestive of BOO, 
further urodynamic assessment by PFSs should 
be considered, especially if an invasive treatment 
is considered (ie, surgery) or if surgical treatment 
has failed.” 

Describing the pathophysiology of MLUTS and 
the details of each of the treatment options avail- 
able is beyond the scope of this article; however, 
in the context of choosing when to use UDS 
evaluations, the article discusses how to define 
and diagnose the cause of the symptoms of 
MLUTS and how treatment outcomes have been 
evaluated using urodynamic data. 


URODYNAMIC PRINCIPLES 


The most basic tenet of UDS evaluation is that of 
prospectively formulating the urodynamic ques- 
tions. Lenherr and Clemens? describe in detail 
the compilation of a thorough evaluation of all 
known clinical, laboratory, and radiologic data to 
choose appropriate studies that are targeted to 
answering a specific question and advocate 
having a clinician present to ensure that the study 
is well annotated and reproduces the patient’s 
symptoms. 

Most algorithms begin with the option of 
performing noninvasive evaluations including uro- 
flowmetry and PVR. Uroflowmetry ultimately can 
detect only the rate of urine flow with no way to 
distinguish underactive detrusor, outlet obstruc- 
tion, or a combination of both'° and some patients 
can generate what is considered a normal flow in 
the face of obstruction, which is the cause of their 
symptoms. 

Invasive tests include cystometry, PFS, sphincter 
electromyography (EMG), urethral function tests/ 
profilometry, and videourodynamics (VUDS). Inva- 
sive UDS testing usually involves the use of a dou- 
ble- or triple-lumen urethral catheter to fill the 
bladder and record vesical and (in the case of triple 
lumen catheters) urethral pressures. The addition of 
an abdominal pressure sensor (typically placed 
rectally) to multichannel UDS provides a measure- 
ment of abdominal pressure and allows for the 
subtraction of this value from the vesical pressure 
in order to calculate the actual detrusor pressure. 
Cystometry is the recording of vesical or detrusor 
pressures during filling to evaluate the storage 
phase of lower urinary tract function. Several useful 
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diagnostic features of cystometry apply to the 
MLUTS population. Involuntary detrusor contrac- 
tions or DO can be identified, and during the study, 
the clinician can correlate this phenomenon with 
patient-reported symptoms of urgency and ur- 
gency incontinence. DO is found in more than 
50% of men with prostatic obstruction, and in one 
investigation of 1418 men with LUTS, the preva- 
lence of DO on UDS increased continuously from 
51.4% in Schafer class 0 to 83.3% in Schafer 
class V."! 

Bladder compliance is an important storage 
parameter to consider in all patients, and although 
less commonly seen in the MLUTS population, 
loss of bladder compliance is a finding that 
would affect management decisions. Cystometric 
capacity can be measured and correlated with 
functional capacity on frequency-volume charts. 
Along with sensation, capacity measurements 
can inform preoperative counseling in patients 
with decreased sensation and large capacity as 
well as in patients with a large sensory component 
driving frequency and urgency symptoms. Inconti- 
nence is a less frequent symptom associated with 
MLUTS, and the finding of involuntary loss of urine 
during UDS for MLUTS in a patient considering 
interventions that may have incontinence as a 
potential adverse event is a useful device for 
counseling. 

PFSs have the unique feature of being able to 
determine the detrusor pressure simultaneously 
with voiding, which can differentiate an under- 
active detrusor from a well-functioning detrusor 
generating high pressures with low flow. The 
abdominal pressure sensor can determine the 
contribution of Valsalva or abdominal straining to 
voiding, and this can be correlated with hesitancy 
and difficulty initiating voiding. For patients who 
are unable to voluntarily void during UDS because 
of situational factors or discomfort, the diagnosis 
of obstruction becomes confounded. If the patient 
cannot mount a detrusor contraction with the 
catheter in place, removing the UDS catheter to 
allow for void also removes the ability to determine 
vesical and detrusor pressures during voiding. 
Noting the detrusor pressures during attempts at 
voiding to judge contractility and using fluoros- 
copy to delineate the level of obstruction (eg, a 
stricture or bladder neck contracture that is similar 
in caliber to the urodynamic catheter) can be 
helpful. 

By the International Continence Society (ICS) 
definitions, detrusor contractility falls into 3 cate- 
gories, acontractile, underactive, and normal. '* 
Contractility can be quantified by several formulas 
such as the bladder contractility index (pdetQnax 1 
5Qmax, With strong >150, normal 100-150, or 


weak <100) or absolute detrusor pressure cutoffs 
for normal values, which have been used in prior 
research on the contribution of detrusor underac- 
tivity to MLUTS, but recent attention has been 
placed on the ambiguity of this term and its 
definition/diagnosis. '* The importance of this uro- 
dynamic finding is illustrated in the similar presen- 
tations, but different PFSs for the 2 patients in 
Figs. 1 and 2. 

Obstruction of urinary outflow has been ex- 
tensively studied and nomograms and formulas, 
including the commonly used bladder outlet 
obstruction index (pdetQmax — 2Qmax, with ob- 
structed >40, equivocal 20-40, and unobstructed 
<20) have been developed to diagnose and 
quantify the severity of outlet obstruction on 
PFSs. The ICS nomogram"* was developed as a 
provisional standardized definition for obstruction, 
and the developers reference its similarities to the 
Abrams-Griffiths and Spangberg nomograms and 
the Schafer diagram using linear Passive Urethral 
Resistance Relation (linPURR) and its overlapping 
characteristics with the urethral resistance factor 
(URA) and two dimensional CHESS classification 
methods at low to moderate flow rates. The au- 
thors advocate using this nomogram as the stan- 
dard in the MLUTS population. Noninvasive 
techniques for making the diagnosis of obstruction 
were summarized in an earlier version of this 
article, with varying degrees of sensitivity and 
specificity, and none of these have come into 
common clinical use. '® 

UDS can suggest detrusor sphincter dyssyner- 
gia or bradykinesia on EMG or fluoroscopy (in 
the case of VUDS) in a population that has no 
known neurologic diagnoses and may prompt 
neurologic evaluation. These conditions are not 
as common in this population, but some neuro- 
logic conditions may present with bothersome uri- 
nary tract symptoms. These patients benefit from 
accurate diagnosis and avoidance of treatment 
of prostatic obstruction. It is also uncommon to 
find pseudodyssynergia on EMG or fluoroscopy 
diagnosing dysfunctional voiding as the sole 
cause of MLUTS; however, refractory LUTS in a 
younger male may be related to pelvic floor 
dysfunction, and treatment would again diverge 
from the typical MLUTS pathway for older 
patients. 

Along with PFSs that suggest obstruction, 
radiologic imaging of the lower urinary tract can 
help define the anatomic location of the obstruc- 
tion and provide insight into the pathophysiology 
of the patient’s symptoms. Obstruction can occur 
at the bladder neck as in primary bladder neck 
obstruction, in the prostatic urethra from prostatic 
enlargement, in the membranous urethra with 
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Fig. 1. A 78-year-old man with diabetes mellitus, AUA symptom index 22. Poor emptying, decreased stream, fre- 
quency/urgency/nocturia, on terazosin/finasteride, digital rectal exam (DRE) 40 g, Qmax on uroflow 5 10.2 mL/s, 
PVR 172 mL, and PFUDS reveals high pressure, low flow, which indicates obstruction. 


dysfunctional voiding, or anywhere along the ure- 
thra in the case of stricture. Fluoroscopic voiding 
images can rule out vesicoureteral reflux and other 
anatomic abnormalities. Fluoroscopy provides the 
ability to detect bladder diverticula, which can alter 
pressure and storage characteristics, as well as 
bladder calculi, both of which can alter the surgical 
management for these patients. 

It cannot be overstated that answering UDS 
questions with studies that reproduce the patients’ 
bothersome symptoms is the key to defining 
the pathophysiology that accompanies bother so 
that this entity can be targeted for therapy. When 
this therapy is invasive, irreversible and potentially 
morbid, or costly, PFUDS can be used to accu- 
rately target the cause of the patient’s symptoms. 

Guidelines leave a significant portion of the 
decision making to the provider to decide when 
UDS is necessary. In addition to the aforemen- 
tioned patients, the following scenarios would 
generally warrant consideration of invasive urody- 
namic testing: the elderly, especially if there are 
concerns for limitations in history taking or pos- 
sible prior surgeries or instrumentation; those 


in the younger range of the index patient, or 
younger'®; patients with urinary retention and un- 
able to complete uroflowmetry; patients whose 
symptoms do not correlate with noninvasive find- 
ings, or whose symptoms arouse any suspicion 
of neurologic components to voiding dysfunction 
and patients with confounding conditions that 
could affect bladder function (severe diabetes, 
previous radiation or pelvic surgery, previous 
spine surgery); patients with MLUTS and inconti- 
nence; and patients who have failed prior invasive 
treatments, because it has been shown that a sig- 
nificant number of these failures are found to have 
detrusor underactivity. '” 

The risks of UDS include UTI, transient hematu- 
ria, patient distress/discomfort or difficulty voiding 
after instrumentation, and vasovagal syncope as 
well as variable reproducibility (the equivalent of 
false positives and false negatives). '*-@° UTI rates 
are reported as less than 15%, and AUA best 
practice recommends antimicrobial prophylaxis 
only with risk factors present.*' There have been 
several studies that survey patients regarding the 
distress/discomfort and embarrassment of UDS 
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Fig. 2. A 67-year old man with diabetes mellitus, AUA symptom index 18. Decreased stream, on tamsulosin, 
digital rectal exam (DRE) 30 g, Qmax On uroflow 5 6 mL/s, PVR 230 mL, PFUDS reveals attempts at voiding with 
very low detrusor pressures, which indicates detrusor underactivity. 


evaluations. Scarpero and colleagues** showed 
that 95% of patients would undergo UDS again if 
indicated, with levels of pain and embarrassment 
as expected or less than expected in 90% and 
93% of patients, respectively. Ku and colleagues”* 
demonstrated that although males (n 5 71) 
had slightly higher pain scores than females 
(n 5 137), these scores were still low overall, with 
a mean of 3.1 out of 10. UDS is a low-risk 
evaluation with good tolerability. 


ROLE OF UDS 


The discussion so far leaves us with the question 
of how do we use them? There is an increasing 
body of literature that defines the roles that pa- 
tients wish to take in their health care decision 
making. Deber and colleagues** surveyed more 
than 2700 patients including 678 with BPH on their 
preferred level of autonomy; the vast majority 
desired a shared model in which patients par- 
ticipated both in problem solving and decision 
making. There is also evidence of heterogeneity 
in the treatment characteristics that determine 


treatment preference in patients seeking care for 
MLUTS*° and that new information regarding 
treatments can alter patient preferences.?° Pa- 
tients who desire education about their condition 
may have a strong interest in the results of UDS 
and may prefer to defer decisions on surgical inter- 
vention until they can be informed by this type of 
testing. MLUTS is a chronic condition, and in 
seeking quality-of-life improvement, we must be 
sensitive to the patient’s goals for treatment, avoid 
assumptions, and reduce variability, all of which 
can perhaps be enhanced using UDS. 

A commitment to patient-centered health care 
delivery also demands that interventions be 
judged on patient-reported outcomes and the 
patient’s perception of success. Research on 
MLUTS treatments have often used UDS evalua- 
tions as part of protocols and have used relief of 
outlet obstruction as a measure of success, with 
reporting of increasing flow, decreasing voiding 
pressure, and decreasing PVR as outcomes. This 
method has allowed comparisons of treatment 
modalities and benchmarks for new therapies. 
These are the parameters on which patients can 


be counseled and expectations can be set, which 
would be the basis for their later perceptions of 
success. 

Patients, providers, and payors are interested 
in predicting successful outcomes of treatment. 
In a 1994 editorial arguing for the use of PFSs to 
evaluate MLUTS, Abrams?’ summarized the evi- 
dence of several series, including his own, and 
concluded that failure rates after outlet reduction 
by transurethral resection of the prostate prosta- 
tectomy were higher in those who did not have ev- 
idence of obstruction on PFSs, those who had DO, 
and those who had detrusor underactivity. There 
are several more contemporary studies that also 
relate urodynamic diagnoses to successful 
outcome of outlet reduction procedures. Tanaka 
and colleagues® reported that in 92 patients un- 
dergoing transurethral resection of prostate 
(TURP), a composite outcome for efficacy showed 
excellent or good results for patients with bladder 
outlet obstruction (57% of their population on 
PFSs); still good results for efficacy for patients 
without outlet obstruction, even with detrusor un- 
deractivity; but less efficacy in patients without 
outlet obstruction with DO. This report suggests 
that in patients without clear outlet obstruction 
with possible DO, cystometry and PFUDS can 
help avoid surgical failures. Similar findings were 
reported previously by Machino and colleagues”? 
when reporting on 62 men undergoing TURP; suc- 
cessful outcome of TURP was not statistically 
significantly different for those with and without 
definitive obstruction, but for those with equivocal 
values for obstruction and DO, success rates fell. 
Urodynamic obstruction has also been shown to 
have a useful relationship with symptom improve- 
ment from TURP in a case series by van Venrooij 
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and colleagues.°° The investigators showed that 
symptom improvement in unobstructed and equiv- 
ocal men undergoing TURP was around 70% of 
that in the obstructed group. This information is 
helpful in setting expectations for symptom im- 
provement for men with and without obstruction 
who have chosen surgical treatment and is 
summarized in Table 1. 

Discussion of the value of a diagnostic test in- 
cludes analysis of the cost, both for the individual 
and society. These costs for an individual UDS 
evaluation are not inconsequential and should 
be weighed with possible increases and de- 
creases in the overall cost of caring for patients 
with MLUTS. Potential cost benefits that may 
stem from better diagnostic information include 
decreasing trial-and-error therapy, not only by 
identifying patients with non-BPO MLUTS and 
avoiding the cost of unnecessary medications 
and surgery but also by identifying patients with 
severe symptoms and proven obstruction that 
may benefit from early surgical intervention to 
avoid the cascade effect: many years of medical 
therapy, then minor surgery, then major surgery. 
DiSantostefano and colleagues?! investigated 
the cost and effectiveness of 6 different treat- 
ments for BPH with a 20-year decision analytical 
model and found that the cost of combination 
therapy exceeded that of surgical therapy at 
around 10 years and that the cost difference 
was especially pronounced in younger men 
(Fig. 3). The investigators note that risk aversion 
and patient preferences likely play a key role in 
evaluating which treatment is best for an individ- 
ual. Finally, UDS with improved counseling could 
result in more informed patients with care that 
meets expectations. 


Urodynamic obstruction as a predictor of success after outlet reduction 


Study, Year Subjects (N) Outcomes 


Tanaka 
et al,? 2006 


92 men undergoing TURP 
linPURR 0-1 (37) 
linPURR 2-3 (38) 
linPURR 4-6 (17) 


Machino 62 men undergoing TURP 


et al,?? 2002 


Excellent/good composite outcome (%) 
62.2 
84.2 
88.2 


Excellent/good composite outcome (%) 


Equivocal — detrusor instability (21) 82 


Equivocal 1 detrusor instability (7) 29 
Obstructed — detrusor instability (13) 54 


Obstructed 1 detrusor instability (21) 88 


van Venrooij 
et al,°° 2003 


93 men undergoing TURP 


Unobstructed/equivocal (34) 
Obstructed (59) 


Data from Refs.22°° 


Median flow rate 

reduction (mL/s) 
7.8 10 
11 14 


Median symptom 
index reduction 
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Fig. 3. Expected costs for each treatment over time 
based on 2004 costs and 3% discount rate: cohort of 
1000 men aged 65 years. The plot assumes switching 
among pharmaceuticals and watchful waiting. AB, 
a-blockers; ARI, 5 alpha reductase inhibitor; combo, 
combined pharmacotherapy; TUMT, transurethral 
microwave therapy; TURP, transurethral resection of 
prostate; WWW, watchful waiting. (From DiSantoste- 
fano R, Biddle A, Lavelle J. An evaluation of the eco- 
nomic costs and patient-related consequences of 
treatments for benign prostatic hyperplasia. Br J 
Urol 2006;97:1012; with permission.) 


SUMMARY 


UDS adds value to the evaluation and manage- 
ment of patients with MLUTS when providers are 
critically assessing treatment strategies and desire 
the most definitive information. PFUDS offers the 
best available data to educate patients consid- 
ering invasive therapy and allows the provider to 
combine their skills and knowledge with confi- 
dence in the diagnosis to realistically engage in 
shared decision making. The authors see PFUDS 
as a useful tool to ensure that patients are appro- 
priately selected for irreversible and potentially 
morbid treatments and to improve satisfaction 
with outcomes. As new therapies emerge and 
accepted modalities are modified, large well- 
designed studies that identify pretreatment urody- 
namic parameters that are useful for selecting 
patients for specific modalities are needed to 
improve the delivery of care for patients with 
MLUTS. 
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Urodynamics in Pelvic 


Organ Prolapse 


When Are They Helpful and How Do We Use 


Them? 


Katie N. Ballert, MD 


KEYWORDS 


e Pelvic organ prolapse ¢ Urodynamics ¢ Occult stress urinary incontinence ¢ Stress testing 


e Detrusor overactivity 


KEY POINTS 


e The utility of urodynamics in women with pelvic organ prolapse (POP) is still being elucidated. 
e Urodynamics can be used to identify stress incontinence on prolapse reduction (occult stress 


urinary incontinence [SUI]) in patients with POP. 


e In patients who are clinically continent, urodynamics may be useful if patients and physicians are 
amenable to selective management of the urethra at the time of POP repair. 
e The usefulness of urodynamics seems limited in patients with POP and overactive bladder (OAB) 


symptoms. 


e The decision to perform preoperative urodynamics should be made on an individual basis and with 
a clear understanding of how the results will have an impact on patient counseling or treatment. 


INTRODUCTION 


POP is a common clinical condition that affects 
millions of women. There is an estimated 11.1% 
lifetime risk that a woman will undergo surgery 
for POP or incontinence by 80 years of age, with 
a 30% reoperation rate.' POP and urinary inconti- 
nence have a significant impact on quality of life? 
and health care costs.° The number of patients 
seeking treatment of POP and urinary inconti- 
nence is predicted to increase dramatically over 
the next several years. The incidence of POP and 
urinary incontinence has been found to increase 
with advanced age.' According to United Nations 
World Population Ageing data, the number of per- 
sons age 60 or older has surpassed 700 million 
and it is projected that by 2050 2 billion persons 
60 years or older will be alive.* Luber and col- 
leagues? note that women over the age of 60 are 


more likely to seek medical care for pelvic floor 
disorders and predicte a 45% increase in the de- 
mand for treatment of pelvic floor disorders 
including POP over the next 30 years. 
Urodynamics (specifically, filling cystometro- 
gram and pressure flow urodynamics) has become 
a standard part of the evaluation of patients with 
POP and/or urinary incontinence for many pro- 
viders. The routine use of preoperative urodyna- 
mics in all patients, however, has been under 
increasing amounts of scrutiny as the medical 
community seeks to practice evidence-based 
medicine. POP can be associated with various 
lower urinary tract symptoms, including storage 
symptoms, urinary incontinence and voiding 
symptoms; however, it is often unclear how these 
symptoms will correlate with urodynamic findings. 
It is also unclear if urodynamic findings will 


Division of Urology, Department of Surgery, University of Kentucky, 800 Rose Street, MS 269, Lexington, KY 


40536-0298, USA 
E-mail address: kba224@uky.edu 


Urol Clin N Am m (2014) m-a 
http://dx.doi.org/10.1016/j.ucl.2014.04.001 


0094-0143/14/$ — see front matter © 2014 Elsevier Inc. All rights reserved. 


urologic.theclinics.com 


Ballert 


correlate with postoperative outcomes or how the 
data should have an impact on patient counseling 
and surgical planning. 


EVALUATION FOR STRESS INCONTINENCE ON 
PROLAPSE REDUCTION (OCCULT STRESS 
URINARY INCONTINENCE) 


Stress incontinence on prolapse reduction, also 
known as occult SUI or latent stress incontinence, 
is SUI that occurs in women with POP only after the 
prolapse is reduced. It is thought related to kinking 
of the urethra® that is relieved with prolapse reduc- 
tion. Prolapse reduction has been reported to un- 
mask SUI on prolapse reduction in 36% to 80% 
of clinically continent women with severe POP.°® 
In a review of the records of 24 continent women 
with stage 3 or 4 prolapse, Chaikin and col- 
leagues’ found that 14 (68%) had demonstrable 
SUI on urodynamic testing with a pessary in place. 
Gordon and colleagues? evaluated 45 clinically 
continent women with stage 3 POP, of whom 30 
(67%) demonstrated SUI after repositioning the 
prolapse with a ring pessary during preoperative 
urodynamic evaluation. Ghoniem and colleagues '° 
found that in 11 of 16 (69%) continent women with 
large cystoceles, SUI was noted on evaluation 
after prolapse reduction with vaginal packing. 

In addition, POP repair was previously shown to 
result in postoperative SUI in 11% to 22% of 
clinically continent women.'':'? Stanton and col- 
leagues'' reported an 11% rate of postoperative 
SUI within 3 months in a group of patients under- 
going anterior colporrhaphy with or without vaginal 
hysterectomy. Borstad and Rud" found that 22% 
of clinically continent women undergoing a Man- 
chester procedure for POP had postoperative SUI. 

Several studies have documented the use of 
urodynamics to demonstrate stress incontinence 
on prolapse reduction in women with POP; how- 
ever, its impact on postoperative outcomes re- 
mains highly debated. Most investigators agree 
that in patients with POP and symptomatic SUI, a 
simultaneous anti-incontinence procedure should 
be performed. Urodynamics is often used to eval- 
uate patients with POP who do not have clinical 
SUI in an effort to identify those patients who are 
at risk for developing postoperative SUI and thus 
may benefit from simultaneous anti-incontinence 
procedure. The question remains, however: Can 
preoperative urodynamics be relied on to accu- 
rately predict those patients who will develop 
postoperative SUI without a simultaneous anti- 
incontinence procedure? And, should those pa- 
tients without SUI demonstrated on urodynamics 
with reduction of prolapse be recommended to 
have POP repair alone? 


The author and colleagues previously evaluated 
a urodynamic protocol used for managing the ure- 
thra at the time of transvaginal POP repair, '* look- 
ing at 105 patients with stages 2—4 POP in which a 
simultaneous midurethral synthetic sling was per- 
formed at the time of transvaginal POP repair if ur- 
odynamic SUI or SUI on prolapse reduction was 
demonstrated. If there was no demonstrable SUI 
on urodynamics with or without prolapse reduc- 
tion, then a sling was not performed. Using this 
protocol, when a midurethral synthetic sling was 
placed, the risk of intervention due to obstruction 
(8.5%) was found essentially equal to the risk of 
subsequent intervention for SUI (8.3%) when no 
Clinical, urodynamic, or SUI on prolapse reduction 
was present and no sling was placed. These data 
suggest that urodynamics may identify a subset of 
patients who may not need a prophylactic anti- 
incontinence procedure at the time of transvaginal 
POP repair. Also, in patients who reported clinical 
SUI but did not demonstrate SUI on urodynamic 
with or without reduction of prolapse, and thus 
did not have a simultaneous sling, the risk of post- 
operative intervention for SUI was 30%. It could be 
argued that based on the 30% risk of repeat sur- 
gery, a simultaneous sling should be performed 
in all patients with clinical SUI regardless of uro- 
dynamic findings indicating that preoperative uro- 
dynamics may not be necessary in these patients. 
Conversely, the urodynamic results could be used 
to counsel the small subset of patients with clinical 
SUI but no urodynamic SUI or SUI on prolapse 
reduction that there is a 70% chance that they 
would not require a second surgery. 

In another study, Chermansky and colleagues! 
evaluated postoperative incontinence and patient 
satisfaction using selective management of the 
urethra at the time of POP repair. They evaluated 
42 patients with advanced apical and/or anterior 
compartment POP. Patients with clinical, occult, 
or urodynamic SUI were treated with a simulta- 
neous sling procedure. Those without clinical or 
demonstrable SUI were treated with POP repair 
alone: 30 patients completed all of the postopera- 
tive questionnaires (Urogenital Distress Inventory 
[UDI-6], Patient Global Impression of Improvement 
[PGI-I], and Medical, Epidemiological, and Social 
Aspects of Aging [MESA]); 14 of the patients un- 
derwent only POP repair; and 16 patients had a 
POP repair with sling. There was no statistically 
significant difference in questionnaire results be- 
tween those patients who underwent POP repair 
alone and those who had a simultaneous sling pro- 
cedure. The mean of both groups reported their 
condition as “much better” on the PGI-I question- 
naire. Only 1 patient in the POP repair—only group 
returned with postoperative SUI and underwent a 


subsequent sling procedure. The investigators 
also evaluated the cost variance between the 2 
groups and found an estimated total cost savings 
of $55,804 using selective management. 

Elser and colleagues"? evaluated the use of pre- 
operative urodynamics to determine the need for 
an anti-incontinence procedure at the time of 
abdominal sacrocolpopexy. They retrospectively 
reviewed 463 patients who underwent abdominal 
sacrocolpopexy; 204 patients had SUI on preoper- 
ative urodynamics either with or without prolapse 
reduction and 237 patients had no SUI. All of the 
patients with preoperative SUI underwent a simul- 
taneous anti-incontinence procedure; 157 patients 
(77%) underwent a midurethral synthetic sling 
(either retropubic or transobturator) and 47 pa- 
tients (23%) underwent Burch urethropexy. Charts 
were available for review on 441 patients. At 
6 weeks postoperatively, 178 (87.3%) of the pa- 
tients who had SUI and underwent an anti- 
incontinence procedure and 220 (92.8%) of the 
patients without preoperative SUI, and thus no 
anti-incontinence procedure, reported no inconti- 
nence. The authors concluded that urodynamics 
is useful in determining the need for an anti- 
incontinence procedure at the time of abdominal 
sacrocolpopexy and recommended that patients 
without preoperative SUI (including SUI with 
reduction of prolapse) not undergo simultaneous 
anti-incontinence surgery. 

In addition to these studies, several other small 
studies have suggested that clinically continent 
patients without urodynamic SUI with reduction 
of prolapse are unlikely to develop postoperative 
SUI after POP repair.” 1®17 Some also demonstrate 
a high rate of postoperative SUI in patients with SUI 
on prolapse reduction who did not undergo a 
simultaneous anti-incontinence procedure. '°'” 

In a study by Chaikin and colleagues,’ 24 
women without clinical symptoms of SUI were 
evaluated; 14 patients were found to have SUI on 
prolapse reduction during urodynamic evaluation 
and underwent an autologous fascia sling. Of the 
10 patients who did not have a sling, none devel- 
oped postoperative SUI at an average of almost 
4 years’ follow-up. Another small retrospective 
study by Araki and colleagues '° evaluated the util- 
ity of preoperative urodynamics to predict post- 
operative urinary symptoms. They evaluated 
records of 87 patients who underwent surgery for 
POP. Of the 22 patients with SUI on prolapse 
reduction, 13 did not undergo simultaneous trans- 
obturator midurethral synthetic sling. Of those 13 
patients, 62% developed symptomatic postopera- 
tive SUI; 49 patients did not demonstrate SUI on 
prolapse reduction on preoperative urodynamics; 
and only 2 (4%) developed postoperative SUI. 


Urodynamics in Pelvic Organ Prolapse 


Liang and colleagues!” reported on 79 patients 
with severe POP but without clinical SUI; 30 pa- 
tients did not demonstrate SUI on prolapse reduc- 
tion on preoperative urodynamics and underwent 
POP repair alone. None of the 30 patients devel- 
oped SUI postoperatively. Furthermore, in the 49 
patients who had SUI on prolapse reduction on 
preoperative urodynamics, POP repair alone was 
performed in 17 patients and simultaneous 
tension-free vaginal tape (TVT) was performed in 
32 patients. The investigators found that patients 
with SUI on prolapse reduction who underwent 
POP repair alone had a significantly higher rate 
of subjective and objective SUI compared with 
patients who underwent simultaneous TVT place- 
ment (64.7% and 53% vs 10% and 0%, respec- 
tively). In the author and colleagues’ study'® 
(discussed previously), 22 of 24 women (91.7%) 
without symptomatic or SUI on prolapse reduction 
did not require further intervention for SUI after 
POP repair. 

There are also studies that question the utility of 
stress testing during urodynamics in women with 
prolapse.'®?° Recently, the Outcomes Following 
Vaginal Prolapse Repair and Mid Urethral Sling 
(OPUS) Trial found that a prophylactic midurethral 
synthetic sling performed at the time of transvagi- 
nal POP repair resulted in lower rates of urinary in- 
continence at 3 and 12 months postoperatively 
regardless of preoperative prolapse reduction 
stress testing. 18 In this study Wei and colleagues ‘® 
evaluated 337 women with anterior prolapse (stage 
2 or higher) without symptoms of SUI who were 
planning to undergo transvaginal POP repair. Eval- 
uation included a preoperative prolapse reduction 
stress test (at a bladder volume of 300 mL with 
the prolapse reduced with 1 or 2 large swabs) but 
did not include preoperative urodynamic evalua- 
tion. Women were randomly assigned to undergo 
simultaneous midurethral synthetic sling or sham 
incisions during the POP repair. All the slings 
placed were performed in a retropubic fashion 
(Gynecare TVT, Ethicon, Bridgewater, NJ, USA); 
however, the transvaginal procedures performed 
to address the POP varied. 

Of the randomized patients, 327 (97%) 
completed 1-year follow-up. At 3 months’ 
follow-up, 23.6% who had a sling and 49.4% of 
patients in the sham group had postoperative 
SUI. At 12 months, urinary incontinence (allowing 
for subsequent treatment) was present in 27.3% 
and 43.0%, respectively. The number needed to 
treat with a sling to prevent 1 case of urinary incon- 
tinence at 1 year was 6.3. Preoperatively, 33.5% of 
women had a positive prolapse reduction stress 
test. At 3 months, 29.6% of the sling group versus 
71.9% of the sham group had urinary incontinence, 
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indicating that women with a positive stress test 
preoperatively received more benefit from a sling 
than those with a negative test. This difference 
was not statistically significant at 12 months, how- 
ever. During the first year postoperatively, 1 woman 
(0.6%) in the sling group underwent surgery for uri- 
nary incontinence and 4 (2.4%) underwent surgery 
for voiding dysfunction. Adverse events, including 
bladder perforation, major bleeding complications, 
and incomplete bladder emptying in the first 
6 weeks after surgery, were also all more common 
in the sling group than in the sham group. 

Visco and colleagues'? questioned the utility of 
stress testing specifically during urodynamics in 
women with prolapse based on findings from the 
Colpopexy and Urinary Reduction Efforts (CARE) 
trial. The CARE trial found that a significant num- 
ber of patients who did not leak during preopera- 
tive testing developed postoperative SUI. In the 
trial, 322 patients undergoing abdominal sacro- 
colpopexy for stages II-IV POP were randomized 
to concomitant Burch colposuspension (157 pa- 
tients) or to the control group (165 patients). Of 
the women in each group, 36% had SUI on pro- 
lapse reduction on preoperative urodynamics. In 
the control group (no Burch), postoperative SUI 
occurred in 38% with a negative stress reduction 
test. 

The CARE trial has been cited as level 1 evi- 
dence that a Burch colposuspension should 
routinely be performed at the time of abdominal 
sacrocolpopexy.”° At 3 months postoperatively, 
23.6% of the women who underwent Burch colpo- 
suspension versus 44.1% of controls met at least 
1 criterion for SUI. Furthermore, Burch colposus- 
pension decreased SUI postoperatively even in 
the patients who did not have SUI on prolapse 
reduction preoperatively (20.8% vs 38.2%). 
Togami and colleagues?! pointed out, however, 
that in the CARE trial, 62% of patients did not 
leak after abdominal sacrocolpopexy alone, high- 
lighting that greater than 50% of patients would 
be overtreated. They also noted that Burch colpo- 
suspension only resulted in an 18% reduction in 
postoperative SUI. 

The CARE trial found that women who demon- 
strated preoperative urodynamic SUI on prolapse 
reduction were more likely to have postoperative 
SUI regardless of whether they underwent a simul- 
taneous Burch procedure. In the control group, 
58% percent of patients with a positive stress 
reduction test developed postoperative SUI com- 
pared with 38% of those with a negative stress 
reduction test. In the group who underwent simul- 
taneous Burch, 32% with a positive stress test 
experienced postoperative SUI compared with 
21% of patients with a negative test. The 


investigators acknowledged that this information 
could be used for preoperative counseling but 
questioned whether it would have an impact on 
patient management. '° 


METHODS OF PROLAPSE REDUCTION 


Some investigators have criticized the ability of pre- 
operative testing to reproduce the postoperative 
anatomic urethral positioning and thus its ability 
to accurately identify patients who will develop 
SUI.27° Currently, there is no standardized 
method of prolapse reduction used to test for SUI 
on prolapse reduction. In the CARE trial, rates of 
detection of SUI on prolapse reduction varied 
based on the method of prolapse reduction.'? 
Use of a pessary resulted in the lowest rates at 
6% and the speculum was the highest at 30%. 
They also evaluated manual reduction (16%), 
reduction with a swab (20%), and reduction with 
ring forceps (21%). The sensitivity of the reduction 
tests ranged from 5% to 39% and the specificity 
from 74% to 96%. During reduction testing, 
adequately reducing the prolapse while avoiding 
artificial obstruction of the urethra or overcorrection 
of the urethrovesical junction must be attempted. 
Reproducibility of the reduction maneuvers has 
also been shown to vary based on the characteris- 
tics of the prolapse.** Patients who have complete 
vault eversion may require more aggressive ma- 
neuvers to reduce the prolapse. This may lead to 
excessive flattening of the posterior urethrovaginal 
angle and a false-positive stress test.** 


EVALUATION OF CONCOMITANT STORAGE 
SYMPTOMS 


Frequency, urgency, and urinary urgency inconti- 
nence (UUI) are reported to occur in up to 86% 
of patients with POP.*:2°° Furthermore, surgical 
treatment of POP has been reported to improve 
frequency and UUI in 31% to 76% and 49% to 
82% of patients, respectively.2’”-°° The utility of 
urodynamics to predict persistent postoperative 
storage symptoms after POP repair is, however, 
poorly defined. 

In the retrospective study by Araki and col- 
leagues, '° detrusor overactivity was demonstrated 
in 31% of patients with urinary urgency. After POP 
repair, urgency persisted in 87% (13/15) of pa- 
tients who demonstrated detrusor overactivity on 
preoperative urodynamics. It resolved in 70% 
(23/33) of patients who did not demonstrate 
detrusor overactivity preoperatively.'® In another 
study, Fletcher and colleagues?” retrospectively 
evaluated 88 patients who underwent an anterior 
vaginal prolapse repair. Evaluation included 


preoperative and postoperative UDI-6 scores for 
frequency and UUI as well as preoperative urody- 
namics. Detrusor overactivity was demonstrated in 
20 (19%) of the patients preoperatively. They 
found that 31% of patients had improvement in 
urinary frequency and 49% had improvement in 
UUI postoperatively, but preoperative detrusor 
overactivity did not correlate with resolution or 
persistence of symptoms. The only variable that 
emerged as an independent risk factor for persis- 
tent UUI postoperatively was higher preoperative 
detrusor pressure at maximum flow. They sug- 
gested that prolapse-induced obstruction may 
contribute to alterations in detrusor function that 
led to persistent OAB symptoms. 

Wolter and colleagues?’ retrospectively re- 
viewed 111 patients who underwent anterior 
POP repair and sling procedure. Preoperatively, 
54% presented with symptoms of mixed urinary 
incontinence, 25% SUI, and 9% UUI. The remain- 
ing 12% were asymptomatic but demonstrated 
SUI on prolapse reduction. The patients with UUI 
also had SUI on prolapse reduction; 35 patients 
(31.5%) had detrusor overactivity on preoperative 
urodynamics. The rate of urgency/UUI decreased 
from 63% (70/111) preoperatively to 30% (33/ 
111) postoperatively. Preoperative detrusor over- 
activity was not predictive, however, of persistent 
postoperative urge-related symptoms. The rate 
of urgency/frequency was 28.6% (10/35) in the pa- 
tients with preoperative detrusor overactivity and 
30.3% (23/76) in the patients without detrusor 
overactivity on preoperative urodynamics. 

It is not surprising that preoperative detrusor 
overactivity has not been consistently shown to 
correlate with postoperative symptom persistence 
or resolution. It is well known that many patients 
with frequency, urgency, and UUI do not demon- 
strate detrusor overactivity on urodynamics,°! 
whereas other patients who do not have lower uri- 
nary tract symptoms demonstrate detrusor over- 
activity.°° Foster and colleagues*°? previously 
noted a lack of correlation between OAB symp- 
toms and demonstrable urodynamic detrusor over- 
activity. They prospectively evaluated 65 elderly 
women undergoing transvaginal surgery for ad- 
vanced POP. Detrusor overactivity was docu- 
mented on preoperative urodynamics in 25% of 
the patients, but preoperative urodynamic parame- 
ters did not correlate with the presence or absence 
of OAB symptoms. Only 2 (7%) patients with UUI 
had demonstrable detrusor overactivity on preop- 
erative urodynamics. They also demonstrated sig- 
nificant improvement in OAB symptoms after POP 
repair. At 12 months, they found that urgency, fre- 
quency, and UUI resolved in 76%, 54.6%, and 
75% of patients, respectively. 
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It seems that urodynamic findings may be of 
limited value for preoperative counseling in pa- 
tients with POP and OAB. They are also unlikely 
to have an impact on surgical planning in these pa- 
tients. Urodynamics should be performed in pa- 
tients with neurologic disease or risk factors for 
impaired bladder compliance, however, especially 
if a simultaneous anti-incontinence procedure is 
considered at the time of POP repair. Increasing 
outlet resistance in the face of impaired compli- 
ance could be detrimental to renal function. 


EVALUATION OF VOIDING SYMPTOMS OR 
ELEVATED POSTVOID RESIDUAL 


Bladder outlet obstruction is a common urody- 
namic finding among women with advanced 
POP.°*:** Approximately 21% of women with 
stage 2 POP and 33% of those with stage 3 or 4 
POP report difficulty with bladder emptying.*° 
These symptoms may improve after surgical 
correction of the prolapse due to resolution of the 
obstruction.** It has also been suggested that 
bladder outlet obstruction may contribute to OAB 
symptoms in women with advanced POP.?’:°° 
The American Urological Association (AUA)/ 
Society for Urodynamics and Female Urology 
(SUFU) guideline on urodynamic studies in adults 
states that urodynamics with POP reduction may 
be used to assess for detrusor dysfunction in 
women with associated lower urinary tract symp- 
toms. The investigators suggested that urodynam- 
ics with POP reduction may help determine if 
elevated postvoid residual urine (PVR) is due to de- 
trusor underactivity or outlet obstruction or a com- 
bination of the two.°’ Some investigators have 
suggested factoring elevated PVR or detrusor un- 
deractivity into protocols that determine the need 
for simultaneous anti-incontinence procedure at 
the time of POP repair.2'°° Many investigators 
suggest avoiding simultaneous sling placement in 
patients at risk for voiding disorders, but this pa- 
tient population has not been well defined. 18:21:38 
Furthermore, few studies have actually examined 
the utility of urodynamics to predict postoperative 
voiding dysfunction after POP with or without 
simultaneous anti-incontinence procedure. 
Romanzi and colleagues** prospectively evalu- 
ated 60 women with grades 1 to 4 POP to deter- 
mine if POP causes obstruction that can be 
relieved by reduction with a pessary. They found 
that 70% of women with grades 3 and 4 prolapse 
(Baden-Walker) had urodynamic bladder outlet 
obstruction compared with only 3% of those with 
grades 1 and 2 POP. They defined bladder outlet 
obstruction as maximum detrusor pressure at a 
maximum flow of greater than 25 cm H2O with 
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maximum flow less than 15 mL/s. They also found 
that 94% of those women with grade 3 or 4 POP 
and bladder outlet obstruction had normal free 
uroflowmetry after prolapse reduction with a ring 
pessary. Furthermore, 13% of women met their 
criteria for impaired detrusor contractility, which 
they defined as maximum detrusor pressure less 
than 15 cm H20, with maximum flow less than 
15 mL/s. The study did not comment, however, 
on treatment or postoperative outcomes for these 
patients. 

Fletcher and colleagues’ also looked at voiding 
difficulty in their retrospective study of 88 women 
who underwent anterior vaginal wall POP repair. 
Preoperatively, 30 (29%) patients reported diffi- 
culty emptying. Operative management resulted 
in improvement in the voiding symptoms in 74% 
of those patients. Patients with improvement in dif- 
ficulty emptying had significantly higher preopera- 
tive PVR volumes than those without improvement 
(129 mL vs 31 mL). Improvement was not related 
to higher cystocele grade but was correlated 
with older age. 

Mueller and colleagues?’ evaluated 31 women 
with advanced POP undergoing urodynamics 
and found that there was no statistically significant 
difference in maximum cystometric capacity, 
voided volume, maximal flow, or detrusor pressure 
at maximal flow with or without prolapse reduction. 
The only significant difference was a decrease in 
maximum urethral closure pressure with prolapse 
reduction. Despite no difference in the voiding pa- 
rameters, when they applied the criteria of bladder 
outlet obstruction used by Romanzi and col- 
leagues** to their patient population, 40% of pa- 
tients met the criteria for obstruction when the 
prolapse was not reduced, whereas only 17% 
met the criteria with reduction. As in Romanzi 
and colleagues’ study, there was no mention of 
treatment or postoperative outcomes in the study. 

Finally, there are several studies evaluating the 
ability of preoperative urodynamics to identify 
patients at risk for voiding dysfunction after anti- 
incontinence procedures.*°** These studies 
provide conflicting data regarding the utility of 
urodynamics. Some of the studies included pa- 
tients undergoing simultaneous prolapse repair, 
but they were not designed to specifically evaluate 
patients with preoperative voiding symptoms or 
elevated PVR. 


OTHER OPTIONS FOR PREOPERATIVE 
TESTING IN PATIENTS WITH POP 


The AUA/SUFU guideline states that stress testing 
should be performed with reduction of the POP 
in women with high-grade POP without the 


symptoms of SUI.°” If SUI on prolapse reduction 
is the only thing looked for, however, then a simple 
stress test with the prolapse reduced can be per- 
formed and urodynamics may be avoided in pa- 
tients with a positive result. Another option is a 
trial of pessary. This allows for evaluation during 
patients’ normal daily activities. This relies on pa- 
tients agreeing to a trial of pessary and having a 
successful fitting. Prior studies have reported suc- 
cessful pessary fitting trial rates in 63% to 74% of 
patients.4*~“’ Rates vary depending on the defini- 
tion used. Handa and Jones’? retrospectively 
evaluated 56 consecutive women treated with a 
pessary for symptomatic POP. They initially used 
ring pessaries for fitting and, if needed, a donut 
pessary was used; 64% or women had a success- 
ful fitting; 5 women (9%) failed fitting at the first 
visit; and an additional 15 women (27%) discontin- 
ued use within 3 months.*° Clemons and col- 
leagues“* reported on 100 consecutive women 
with POP who underwent pessary fitting; 73 had 
a successful 2-week trial, and, among the women 
without baseline SUI, 21% developed SUI on pro- 
lapse reduction. 

Chughtai and colleagues’ evaluated the use of 
an ambulatory pessary trial to evaluate for SUI on 
prolapse reduction in women undergoing surgical 
repair of POP. They evaluated patients with preop- 
erative urodynamics with and without prolapse 
reduction and offered them a home pessary trial. 
Of the 41 women who accepted the pessary trial, 
26 (63.4%) were able to retain the pessary for at 
least 1 week; 10 of the 26 women (38%) did not 
have SUI (clinical, on physical examination, during 
urodynamic testing, or during the pessary trial) and 
underwent POP repair alone. None of these 
women developed postoperative SUI: 16 (61%) 
demonstrated SUI on prolapse reduction; 3 of 
these (19%) had negative stress testing during 
video urodynamics and were identified only by 
the pessary trial. They also found that the pessary 
test accurately predicted persistent urgency, fre- 
quency, and voiding difficulty. They specifically 
recommended a home pessary trial for women 
with severe POP and no evidence of SUI during 
urodynamics; however, physicians could also 
consider offering a home pessary test instead of 
urodynamics. 

Another option is provocative stress testing with 
a pessary in place. Reena and colleagues’? used a 
pessary test to evaluate for SUI on prolapse reduc- 
tion in 88 continent women. All participants were 
fitted with a pessary and given pyridium. They 
then underwent a regimen of provocative exer- 
cises (stair climbing, standing from a sitting posi- 
tion, coughing, and stooping) and their pad was 
examined for orange discoloration. Participants 


subsequently underwent vaginal hysterectomy 
and POP repair without a simultaneous anti- 
incontinence procedure; 10 women were lost to 
follow-up. Of the remaining 78 women, 68% had 
a positive test and, of these, 64.2% developed 
postoperative SUI at 6 weeks’ follow-up; 25 
women did not demonstrate SUI on prolapse 
reduction preoperatively and all remained conti- 
nent at 6 weeks. 


SUMMARY 


The utility of urodynamics in patients with POP is 
still being elucidated. It is not a requirement for 
all patients planning surgical repair. The need for 
urodynamics prior to POP repair should be 
determined for each individual patient. Prior to 
performance of urodynamics, physicians should 
consider how the results will impact on preopera- 
tive patient counseling or surgical planning. 

The usefulness of urodynamics seems limited in 
patients with POP and OAB symptoms as well as 
in those with straightforward clinical SUI. In pa- 
tients who are clinically continent, however, uro- 
dynamics may be useful if patient and physician 
are amenable to selective management of the ure- 
thra at the time of POP repair. This decision can be 
made only after counseling a patient and deter- 
mining preference regarding a simultaneous pro- 
phylactic anti-incontinence procedure versus the 
risk of requiring a second procedure. The potential 
complications of anti-incontinence procedures (de 
novo OAB, bladder outlet obstruction, and mesh- 
related complications if a synthetic sling is per- 
formed) must also be considered. Complications 
rates after sling procedures are higher in women 
with high-stage POP‘? and patients should be 
aware of this. 
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Urodynamics for 
Postprostatectomy 


Incontinence 


When Are They Helpful and How Do We Use 


Them? 
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KEYWORDS 


e Postprostatectomy incontinence ¢ Urodynamics ¢ Stress urinary incontinence 
e Detrusor underacitivity e Detrusor overactivity + Low bladder compliance 


e Artificial urinary sphincter + Male sling 


KEY POINTS 


e Urodynamics is indicated for the evaluation of postprostatectomy incontinence (PPI) unless an arti- 
ficial urinary sphincter (AUS) placement is the preferred option, as in cases of severe incontinence, 
prior radiation, or previous male sling or AUS placement—when male sling is unlikely to achieve 


efficacy. 


e Urodynamics should be performed only when there is a question it can answer that would affect 


treatment choice or outcome. 


e Urodynamic findings of detrusor underactivity, overactivity, and reduced compliance are important 
considerations in deciding how best to treat postprostatectomy incontinence. 


INTRODUCTION 


Approximately 70% of men 2 years after radical 
prostatectomy suffer some degree of PPI and 
1% to 5% of these patients ultimately seek surgi- 
cal management of their incontinence after radical 
prostatectomy.'* The rate of incontinence after 
surgery for benign prostatic hyperplasia (BPH) is 
much lower, approximately 2%.° Although stress 
urinary incontinence (SUI) is the most common 
cause of PPI, urgency incontinence, mixed incon- 
tinence, and overflow incontinence must also be 
considered. Furthermore, 50% to 70% of men 
with postprostatectomy SUI have some form of 
concurrent bladder dysfunction (overactivity, 


underactivity, or decreased bladder compli- 
ance).°* Urodynamic testing is an important part 
of the PPI evaluation when the pathophysiology 
of PPI is unclear or if a patient is planning 
to undergo invasive anti-incontinence surgery. 
Urodynamics can uncover concurrent bladder 
dysfunction (such as detrusor underactivity, over- 
activity, or poor compliance) and quantify the de- 
gree of bladder neck and proximal urethral 
mobility as well as the degree of intrinsic sphincter 
deficiency (ISD). These findings may be helpful in 
providing prognostic information for the patient 
and for selecting the most appropriate treatment 
options. 
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EVALUATION OF POSTPROSTATECTOMY 
INCONTINENCE 


Evaluation of patients with PPI should begin with a 
detailed history of lower urinary tract symptoms. 
The pathophysiology of PPI is variable, and history 
alone is not sufficient to distinguish between 
bladder causes (poor compliance, detrusor over- 
activity, and detrusor underactivity) and outlet 
causes (sphincteric insufficiency or bladder outlet 
obstruction with overflow) of incontinence. A 
bladder diary is useful for quantifying urinary fre- 
quency, number and severity of incontinence 
episodes, and functional bladder capacity. It is 
important to demonstrate leakage on physical 
examination to confirm the diagnosis of SUI. 
Leakage should occur during cough or bearing 
down and cease at the end of the straining maneu- 
ver. This sign confirms the presence of ISD but is 
not a definitive test of bladder storage or of voiding 
function. 


INDICATIONS FOR URODYNAMICS 


Urodynamics is indicated in the evaluation of PPI if 

there is a question whose answer can have an 

impact on treatment algorithm or outcome. 
Important questions include the following: 


e What is the pathophysiology of the inconti- 
nence? Is it the result of ISD, detrusor 
overactivity, diminished compliance, and/or 
bladder outlet obstruction with overflow? 

e Is there adequate bladder contractility (to 
overcome the resistance of a male sling)? 

e |s there high-pressure storage due to impaired 
bladder compliance? 

e |s there detrusor overactivity? 

e Is there bladder outlet obstruction? 

e Is there bladder neck or urethral mobility? 


URODYNAMIC FINDINGS AND THEIR 
RELEVANCE 


Multichannel urodynamic studies in men with 
persistent incontinence after radical prostatec- 
tomy have shown that ISD is by far the most com- 
mon finding. ISD is found in approximately 90% of 
men with PPI. Among men with ISD, however, only 
25% to 50% have ISD alone without concomitant 
bladder dysfunction on urodynamics.°° Detrusor 
overactivity is found in approximately 30% to 
40%, decreased contractility in 30% to 40%, 
bladder outlet obstruction in 20% to 25%, and 
decreased compliance in 5% of men undergoing 
urodynamics for PPI."'' Approximately 15% of 
patients with PPI demonstrate only bladder 
dysfunction without ISD.°° 


Bladder dysfunction may result from pre-existing 
outlet obstruction or age-related detrusor overac- 
tivity or may occur de novo after prostatectomy 
as a result of bladder denervation or obstruction 
due to anastomotic stricture. Impaired detrusor 
contractility, which occurs in 29% to 61% of pa- 
tients after radical prostatectomy (de novo in 
approximately 47%), and poor compliance, which 
occurs in 8% to 39% of patients (de novo in 
approximately 50%), have traditionally been 
thought to resolve within 8 months. '*:'% 

Treatment options differ depending on the 
etiology of PPI. The management of postprosta- 
tectomy SUI is primarily surgical, with options 
including injection of periurethral bulking agents, 
male sling, and AUS. Detrusor overactivity should 
be treated initially with behavioral modification, 
pelvic floor exercises, and pharmacotherapy (anti- 
muscarinics or B3-agonists). In refractory cases, 
chemodenervation with botulinum toxin injection 
or neuromodulation may be efficacious. Detrusor 
underactivity and/or bladder outlet obstruction 
causing overflow incontinence may require inter- 
mittent self-catheterization. Diminished bladder 
compliance can be difficult to treat, usually starting 
with antimuscarinics and scheduled voiding to 
prevent high intravesical pressures. 


Detrusor Underactivity 


Detrusor contractility plays a vital role during 
micturition, especially after the placement of a 
potentially obstructing sling. It is an important 
finding in men with PPI because a weak bladder 
is a relative contraindication to male sling surgery. 
Because the male sling is designed to prevent 
leakage during straining, it follows logically that 
patients with weak detrusors who rely on abdom- 
inal straining to facilitate efficient bladder 
emptying are at higher risk for retention after sling 
surgery. 

The International Continence Society defines 
detrusor underactivity as a contraction of reduced 
strength and/or duration, resulting in prolonged 
bladder emptying and/or a failure to achieve com- 
plete bladder emptying within a normal period. 
Detrusor contractility is assessed during the 
pressure-flow portion of urodynamics but the spe- 
cific method of evaluation has not been standard- 
ized, and there are no agreed-on normal values of 
detrusor pressure during voiding in men who are 
status postprostatectomy. In most urodynamics 
studies of patients with PPI, detrusor underactivity 
has been defined using surrogate measures such 
as (1) the presence of Valsalva voiding, (2) low 
detrusor pressure at maximum flow (PdetQmax), 
or, most commonly, (8) bladder contractility 


nomograms developed for men with BPH, derived 
using both urinary flow rates (Qmax) and 
PdetQmax."' 

The use of surrogate measures of detrusor 
contractility based on BPH nomograms, however, 
can be inaccurate in men after prostate extirpation 
because of the low outflow resistance state in 
these men. In such patients, the contractile pres- 
sure required to maintain axial flow can approach 
zero. Thus, PdetQmax can be low due to reduced 
urethral resistance in patients with ISD and may, 
therefore, be an inaccurate measure of detrusor 
strength. 

In the setting of PPI due to ISD, a more appro- 
priate measure of detrusor strength is independent 
of flow and unrelated to urethral resistance and 
characterizing contractility as a single parameter. 
Contractility can be represented by a power 
factor—as a product of detrusor pressure and 
shortening velocity by the methods described by 
Griffiths'* or van Mastrigt.'° These calculations, 
however, require complex, computer-assisted 
analysis of pressure-flow studies. A simpler 
method of measuring detrusor power is to directly 
measure bladder muscle contraction pressure 
under isovolumetric conditions—and, therefore, 
independent of urinary flow. The best measure of 
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detrusor contraction strength, therefore, is the iso- 
metric detrusor contraction pressure (Piso). 

One reliable method for obtaining Piso measure- 
ment is the mechanical stop test.'° During voiding, 
an examiner gently occludes the penile urethra, 
thereby inhibiting urinary flow but not aborting 
the bladder contraction. The maximum detrusor 
pressure reached during this maneuver is the 
Piso (Fig. 1). This mechanical stop test is repro- 
ducible and does not inhibit detrusor contrac- 
tion.'®'” Piso measurements less than 50 cm 
H2O are considered diagnostic of detrusor 
underactivity. 1819 

The mechanical occlusion of the outlet is 
preferred to a volitional interruption of flow; as 
such, voluntary cessation may underestimate the 
maximum isometric pressure due to reflex detru- 
sor inhibition induced by the activation of voluntary 
striated sphincter activity. In addition, it may be 
difficult or impossible for a patient with detrusor 
overactivity to stop the urinary stream once it is 
initiated, especially after prostatectomy with 
concomitant weakness of the external sphincter 
mechanism. 

Elliott and Comiter'' retrospectively reviewed 
the urodynamics findings of 62 men evaluated for 
PPI and found that 40% had a Piso less than 
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Fig. 1. Urodynamics tracing showing Piso measurement using mechanical stop test: (heavy arrows) start of stop 
test when examiner occludes urethra, thereby stopping flow. Maximal isometric pressure (Piso) is 99 cm water. 
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50 cm H20. They also found that the use of com- 
mon surrogates for bladder contractility, such as 
the Bladder Contractility Index (BCI 5 Pdet 
Qmax 1 5 Qmax) less than 100, which has been 
validated in men with BPH but not in men devoid 
of a prostate, and the mere presence of Valsalva 
voiding were imprecise markers of detrusor under- 
activity in this population. Rather, the direct 
measure of bladder contractility independent of 
urethral sphincteric resistance was necessary to 
accurately measure true bladder contractility. 

Detrusor underactivity is a potentially important 
finding in men with PPI, because it may be a rela- 
tive contraindication to certain types of male sling 
surgery. Because the compressive male sling pro- 
vides fixed resistance and is designed to prevent 
leakage with straining, it seems logical that it 
would interfere with voiding dependent on or 
augmented by Valsalva. The placement of a poten- 
tially obstructive male sling in a patient with detru- 
sor underactivity, therefore, theoretically increases 
the risk for retention. There are few clinical studies, 
however, on the effects of the male sling in patients 
with impaired detrusor contractility or those who 
void by Valsalva. Han and colleagues'° performed 
retrospective review comparing 50 patients after 
sling placement (AdVance, InVance, and Virtue) 
with a mean BCI of 70 (range 33-97) with normal 
controls and found no differences in postvoid re- 
sidual (PVR), patient satisfaction, or Qmax. The in- 
vestigators concluded that their results may be a 
reflection of how bladder function is measured in 
this population. The authors believe that BCI and 
its derivatives, however, may not be accurate mea- 
sures of bladder strength in men with PPI, because 
Elliott and Comiter'' showed that the isovolumet- 
ric contraction pressure (Piso), which is indepen- 
dent of urethral resistance and, therefore, a pure 
measure of detrusor contractility, did not differ 
between men with low and normal BCI. 

Detrusor underactivity, however, should not 
adversely affect surgical success of AUS because 
the cuff is cycled to an open phase during voiding, 
with relief of urethral occlusion. In a prospective 
trial of 40 patient followed for a mean of 53 months, 
Trigo Rocha and colleagues*° concluded that the 
presence of preoperative impaired bladder con- 
tractility did not affect surgical outcome. Even 
pure Valsalva voiding does not adversely affect 
the outcome of AUS surgery.*' 

In the setting of detrusor underactivity, when an 
artificial sphincter is not desired, the retroluminal 
transobturator sling is a viable alternative. The ret- 
roluminal transobturator sling provides only mini- 
mal compression of the bulbar urethra. Rather, 
its mechanism of action relies on proximal urethral 
relocation. The sling is placed retrourethrally, 


under the proximal urethral bulb, and, on ten- 
sioning, facilitates a 2.5- to 3-cm proximal reloca- 
tion of the bulbar urethra. It is hypothesized 
that laxity of posterior support predisposes to 
misalignment of the proximal urethra, contributing 
to inefficacious coaptation of the urethral 
sphincter complex.?? This abnormal anatomy and 
proximal urethral prolapse that may occur after 
prostate extirpation may be remedied by a retrolu- 
minal sling that can realign the mobile urethral 
sphincter complex and restored the preprostatec- 
tomy configuration. Once the sling is appropriately 
tensioned, the urethral bulb is proximally relocated 
into the higher-pressure pelvic outlet by a distance 
of 2 to 3 cm, which can function as a backstop dur- 
ing straining.” In a large cohort of patients with at 
least 1-year follow-up, Rehder and colleagues** 
demonstrated no change in Pdet, PVR, or flow 
rate after surgery, supporting this nonobstructive 
mechanism of action. 

More prospective studies using appropriate 
measures of detrusor contractility independent of 
urethral resistance are needed to define the risk 
of urinary retention, obstructive voiding dysfunc- 
tion, and outcomes of the male sling and AUS in 
men with postprostatectomy SUI and detrusor un- 
deractivity. In the meantime, the AUS and the ret- 
roluminal sling are the preferred options for these 
patients based on the mechanism of action of 
the respective devices. 


Detrusor Overactivity 


The rate of detrusor overactivity in men with PPI 
has been in the range of 30% to 40%.”:*° It is 
considered the sole or main diagnosis in approxi- 
mately 10% of patients.’ In 25% of PPI patients 
with ISD, there is a secondary diagnosis of detru- 
sor overactivity. The rate of de novo detrusor 
overactivity postradical prostatectomy is only 
approximately 5%, with 33% of patients already 
having detrusor activity at baseline.2° In men 
who had presumably normal storage function prior 
to radical prostatectomy, the urodynamic finding 
of detrusor overactivity or diminished compliance 
is most likely due to poor accommodation associ- 
ated with supraphysiologic infusion of a bladder 
that has experienced a prolonged underfilled state 
secondary to continual urinary leakage. With long- 
term follow-up, the rate of detrusor activity is 
reduced from 38% at 8 months to approximately 
18% at 36 months. 

The finding of detrusor overactivity has impor- 
tant implications for treatment and counseling. 
If the sole or main diagnosis is detrusor overac- 
tivity then antimuscarinic medications and other 
treatments for overactive bladder (f3-agonist, 


botulinum toxin, posterior tibial nerve stimulation, 
and sacral neuromodulation) are the recommen- 
ded treatment options. If detrusor overactivity is 
found along with ISD, then it should be taken into 
consideration during patient counseling but is not 
an absolute contraindication to AUS or sling 
placement. 

Although the bone-anchored sling and older 
slings designs work by compressing the urethra, 
the retrourethral transobturator sling is designed 
to be nonocclusive. It does not seem to increase 
voiding pressure or increase the rate of urgency 
in patients with preoperative findings of detrusor 
overactivity.2*:*° Studies on the retrourethral 
transbturator sling, however, have relatively short 
follow-up (1-3 years). 

Preoperative detrusor overactivity does typically 
improve after AUS implantation and does not 
adversely affect resolution of SUI. Afraa and col- 
leagues?” retrospectively reviewed the charts of 
16 patients and found that the rate of detrusor 
overactivity decreased from 50% to 25% after 
AUS implantation. As discussed previously, men 
with high-volume SUI have bladders that are 
chronically underfilled because SUI prevents the 
accumulation of urine in the bladder. In the most 
severe cases, these patients may only passively 
leak and never volitionally void. As a result, me- 
dium and even slow-fill cystometry may demon- 
strate poor accommodation or compliance as 
well as detrusor overactivity. These findings typi- 
cally resolve over time after successful SUI surgery 
and bladder retraining. Despite the likelihood of 
improvement, persistent overactive bladder symp- 
toms remain common, and patients must be coun- 
seled accordingly.7° 


Impaired Compliance 


The International Continence Society defines 
bladder compliance as the relationship between 
change in bladder volume and change in detrusor 
pressure.°° It can be calculated by dividing the 
change in volume by the change in detrusor pres- 
sure during the same time period (C 5 AV/APdet). 
The recommended points for this calculation are 
the start of infusion to the end of filling and at cys- 
tometric capacity. Compliance greater than 
20 mL/cm is generally accepted as normal. 

De novo reduced bladder compliance has been 
detected in up to 32% of men after prostatectomy, 
with persistence in 28% after 36 months.”° A study 
examining urodynamic findings with PPI, however, 
found only a 5% rate of decreased compliance.® 
The presence of impaired bladder compliance is 
a contraindication to male sling placement due to 
concerns that the increased voiding pressures 
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may lead to upper tract compromise. The AUS 
has been reported to have a predictably high suc- 
cess even in the setting of diminished bladder 
compliance.*® Bladder compliance may even 
improve. In a comparison of pre- and post-AUS 
implantation urodynamic parameters, Afraa and 
colleagues?” revealed statistically significant 
improvement in bladder capacity from 271 + 117 
to 295.6 + 151 mL (P 5 .05) and bladder compli- 
ance from 7.6 + 3.95 to 12.5 + 10.3 mL/cm H2O 
(P 5 .03). Voiding pressures are not increased 
after implantation of the AUS because voiding 
occurs with the device in the open setting. 

In radiated patients, however, it is not safe to 
assume that impaired compliance necessarily re- 
solves after resumption of normal bladder filling 
and evacuation cycles. Rather, there may be a 
component of intrinsic bladder wall fibrosis sec- 
ondary to radiation-induced obliterative endari- 
tis.°° It is important, therefore, to continue to 
monitor upper tract anatomy to assess for the 
development of hydronephrosis, which has been 
reported after AUS placement, and to repeat 
urodynamics as necessary to assess filling and 
storage pressures.°' 


Low Abdominal Leak Point Pressure 


Although pad use, bother from leakage, and patient 
preference typically dictate the implementation of 
surgical treatment, the degree of sphincteric in- 
competence can also affect the type of treatment 
recommended for the management of the stress 
incontinence. The value of abdominal leak point 
pressure (ALPP) in management of PPI is debat- 
able. There is evidence that patients with higher 
ALPP, and, therefore, more preserved sphincteric 
function tend to respond better to periurethral bulk- 
ing agents than do patients with a lower ALPP. 
Sanchez-Ortiz and colleagues? found that an 
ALPP less than 60 cm predicts a higher failure 
rate with periurethral bulking agents compared 
with those with higher leak point pressures. Twiss 
and colleagues,** however, found no correlation 
between ALPP and pad weight. 


Bladder Outlet Obstruction 


Bladder outlet obstruction after radical prostatec- 
tomy is most commonly due to persistent bladder 
neck contracture or urethral stricture. These occur 
at a rate of 2.7% to 20%.°**° Clinically significant 
anastomotic and urethral strictures are typically 
diagnosed on cystoscopy. Findings of bladder 
outlet obstruction on urodynamics should be inter- 
preted with caution. Scarring and relative poor 
compliance that can develop in a urethra that 
has been operated on can result in the finding of 
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catheter-induced bladder outlet obstruction. This 
should be suspected if there is a large difference 
between the Qmax obtained with and without the 
7F urodynamics catheter in place. If an adequate 
free flow and low PVR can be confirmed, this 
finding of obstruction on urodynamics is not a 
contraindication to anti-incontinence surgery. 


ROLE OF FLUOROSCOPY 
(VIDEOURODYNAMICS) 


The use of simultaneous fluoroscopy at the time of 
multichannel urodynamic studies can be useful for 
determining the degree of proximal urethral and 
bladder neck mobility. Assessing these parame- 
ters is important because the mechanism of ac- 
tion of the retroluminal sling is thought to rely 
more on repositioning the prolapsed sphincteric 
urethra than on direct compression of the bulbar 
urethra. In instances of restricted mobility, a 
compressive sling or artificial sphincter may be 
more appropriate. 

The repositioning test has been advocated as a 
predictor of adequate residual sphincter function 
and predictor of retroluminal sling success.°° 
Rehder and colleagues** demonstrated that the 
ALPP increases on gently pushing the preanal mid- 
perineum in a cephalad direction (avoiding direct 
compression of the urethral bulb). On perineal eleva- 
tion, men with sufficient residual sphincter function 
(ie, mild ISD) demonstrate passive sphincter closure 
with cystoscopically visible contraction of the stri- 
ated sphincter-positive repositioning test.°” A posi- 
tive repositioning test preoperatively is predictive of 
a successful outcome with a retroluminal transobtu- 
rator sling.?® 38-38 

As an alternative to the repositioning test, fluoro- 
scopic assessment during straining can demon- 
strate the degree of bladder neck and proximal 
urethral mobility. Comiter and colleagues? re- 
ported on a cohort of men with PPI who underwent 
videourodynamic evaluation. Those men with PPI 
after surgery alone had significantly more proximal 
urethral descent with straining than men with PPI 
who had adjuvant radiation and those with urinary 
incontinence after radiotherapy alone. Only those 
men with adequate mobility were offered retrolu- 
minal sling surgery, whereas those with more 
pure ISD were treated with a compressive sling 
or AUS. 


WHEN MAY URODYNAMICS NOT BE 
NEEDED? 


There are some clinical scenarios when urody- 
namic studies may not be needed for PPI. One sit- 
uation is if AUS has already been selected as the 


treatment of PPI based on patient or surgeon pref- 
erence. AUS offers the best chance of “cure” and 
the most predictable outcomes. It has a 90% 
satisfaction rate regardless of the degree of incon- 
tinence. Furthermore, bladder dysfunction, like 
detrusor overactivity, detrusor underactivity, and 
poor bladder compliance, has been shown to 
have no impact on the outcome of AUS and may 
even improve after implantation.?”:2° 

In certain clinical situations, there is consensus 
that AUS represents the best treatment option 
for PPI. In such instances, urodynamics may not 
provide any information that would alter treatment 
recommendation or counseling. There is no ques- 
tion whose answer would alter treatment plan or 
prognosis. One exception to this recommendation 
is radiated patients, who may benefit from preop- 
erative urodynamics despite AUS being the treat- 
ment of choice. 

AUS is best treatment option for high-volume 
SUI (+450 g leakage/d) where patients with such 
severe incontinence preoperatively are at higher 
risk for postoperative incontinence after sling sur- 
gery. 04? In a prospectively evaluated cohort of 62 
patients with PPI treated by a bone-anchored 
sling, Fischer and colleagues“? found that leakage 
of greater than 450 g per day was associated with 
a substantially lower success rate—from greater 
than 70% in those with more mild leakage to less 
than 50% in those with greater than 450 g per 
day. The AUS is the treatment of choice for most 
men with high-volume SUI because its success 
rates are generally independent of the degree of 
leakage.**:“* The 1-year results of the initial clinical 
trial of the Virtue quadratic sling demonstrated that 
the degree of improvement in leakage with the 
quadratic sling, which combines proximal urethral 
relocation (similar to the retrourethral transobtu- 
rator sling) and perineal urethral compression 
(similar to bone-anchored slings) may not be 
adversely affected by the degree of urinary incon- 
tinence. Its efficacy does not seem to significantly 
differ among patients with mild (<100 g/d), moder- 
ate (100-400 g/d), or severe (>400 g/d) SUI.*° 
More experience with this promising device, how- 
ever, is necessary to fully evaluate its efficacy in 
men with high-volume SUI. 

AUS is also the treatment of choice for patients 
who have had previous implantation of an AUS or 
male sling. Tuvgan and colleagues*® demon- 
strated that cure/improved rate of the male sling 
was inferior to the AUS (25% vs 75%) in a cohort 
of men with recurrent PPI after previous AUS 
erosion. Because adequate tissue compliance is 
necessary for successful urethral compression 
and/or proximal repositioning with a sling, it is 
not surprising that radiation, previous AUS 


explantation, and prior male sling—all of which 
may result in poorly compliant and relatively 
noncompressible fibrotic urethra—are associated 
with diminished efficacy for the noncircumferential 
male slings. 

In men who have failed prior male sling surgery, 
placement of the AUS remains a straightforward 
procedure. With prior retrourethral transobturator 
sling or bone-anchored sling, a surgeon may elect 
to place the AUS cuff transcrotally, and the pre- 
vious sling neither renders the operation more diffi- 
cult nor decreases AUS efficacy.''*” The proximal 
sling device left in situ may then act as a pseudo- 
double cuff, and the potential morbidity of 
removing the sling unnecessarily is avoided. With 
the quadratic sling, which spans the bulbar urethra 
and perineal urethra, the sling must be excised 
prior to AUS placement. This, too, can be done 
in a straightforward fashion, because the sling is 
readily identified, dissected from the bulbospon- 
giosus, leaving a relatively unscarred urethra that 
can easily accommodate the AUS cuff.*® 

AUS is also the treatment of choice for patients 
with a history of radiation, but preoperative urody- 
namics remains useful in this population. A history 
of radiotherapy has been shown a risk factor for 
sling failure in multiple series because of the 
increased rates of bladder dysfunction.?4 4949 In 
a prospective series with 24 radiated patients fol- 
lowed for a median of 18 months after placement 
of a retrourethral transobturator sling, Bauer and 
colleagues°° found only a 25% cure rate and a 
25% improvement rate. This is compared with a 
success rate of almost 80% in patients without a 
history of prior AUS or sling surgery.°' Although 
preoperative urodyanmics may not be needed for 
deciding among surgical treatment options, it 
can still be useful for detecting bladder dysfunc- 
tion to allow early intervention and for counseling 
in this high-risk population. 


SUMMARY 


Urodynamics is indicated for the evaluation of PPI 
unless AUS placement has been predetermined, 
such as by patient/surgeon preference, severe in- 
continence, prior radiation, or previous male sling 
or AUS placement. It is important that urodynam- 
ics are only performed when there is a question 
that can be answered and that answer would 
affect treatment choice or outcome. Urodynamic 
findings of detrusor underactivity, overactivity, 
and reduced compliance are important consider- 
ations in deciding how best to treat patients with 
PPI. In the setting of detrusor hypocontractility, a 
nonobstructive device is indicated, with the retro- 
urethral transobturator sling recommended for 
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more mild incontinence and the AUS for more 
severe incontinence. The finding of detrusor over- 
activity or diminished compliance (in nonradiated 
patients) typically resolves after successful SUI 
surgery with either the AUS or sling as the normal 
cycle of adequate filling and emptying is re- 
established. In radiated patient where diminished 
compliance may be a result of radiation-induced 
detrusor fibrosis, storage pressures must be moni- 
tored with repeat urodynamic evaluation, and it is 
essential to periodically study upper tract anatomy 
to determine the presence or absence of hydro- 
nephrosis. Although the severity of incontinence 
is more appropriately gauged as a function of 
pad weight rather than leak point pressure, ALPP 
may be a useful measure of sphincteric compe- 
tence when considering injection of periurethral 
bulking agents. Finally, the use of simultaneous 
fluoroscopy (videourodynamics) can help assess 
for bladder neck and urethral mobility during 
straining or during the urethral repositioning test, 
which is necessary for the preoperative evaluation 
prior to sling surgery, in order to help decide be- 
tween a retrourethral and a more compressive 
sling. 
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KEY POINTS 


e Lower urinary tract symptoms do not always correlate with urodynamic diagnoses. 
e In mixed urinary incontinence, urodynamics changes the diagnosis more often than in stress or 


urgency urinary incontinence. 


e Storage and voiding lower urinary tract symptoms often coexist. 
e Voiding abnormalities on pressure-flow studies can be responsible for significant storage 


symptoms. 


e There are no urodynamic standards for obstruction in women. 


INTRODUCTION 


Much of the published work about urodynamics 
provides the best practice guidelines and stan- 
dards of technique.''* How to appropriately apply 
urodynamics (when and for what purpose) remains 
guided mostly by expert opinion. Recent random- 
ized controlled trials seek to guide its use in a well- 
defined population: women with complaints of 
stress urinary incontinence (SUI) who demonstrate 
SUI on physical examination. These important 
studies should be familiar to all clinicians who 
perform urodynamics or treat SUI. Despite a 
greater understanding of when urodynamic testing 
may be safely omitted in the evaluation of SUI, 
there remain many clinical scenarios in the treat- 
ment of women presenting with lower urinary tract 
symptoms (LUTS) in which the decision to use ur- 
odynamic testing still relies on the clinician’s 
judgment. 
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Arguments for urodynamics describe it as the 
best method to diagnose the underlying patho- 
physiology underlying LUTS. The objective data 
often direct therapy and help reduce unnecessary 
surgery or reduce the time and cost spent on 
unindicated treatments. Arguments against urody- 
namics are that the test is invasive, costly, and 
associated with some morbidity. A quality study 
also requires a well-trained clinician. However, ur- 
odynamics remains the most reliable method to 
confirm a presumptive diagnosis of lower urinary 
tract dysfunction. 

In 2012, the American Urological Association 
(AUA) in conjunction with the Society of Urody- 
namics and Female Urogenital Reconstruction 
(SUFU) published guidelines to assist the clinician 
in the appropriate selection of urodynamic tests 
after an appropriate clinical assessment of the pa- 
tient presenting with LUTS.° The discussion points 
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to the limitations of literature analysis due to the 
scarcity of level 1 evidence on the topic. Nineteen 
guideline statements are provided relating to SUI 
and pelvic organ prolapse, overactive bladder 
(OAB), urgency urinary incontinence, mixed uri- 
nary incontinence (MUI), neurogenic bladder, and 
LUTS. 

Recent randomized controlled trials include 
Value of Urodynamic Evaluation (VALUE) and 
Value of Urodynamics Before Stress Urinary In- 
continence Surgery (VUSIS2). The results clarify 
the use of preoperative urodynamics in a well- 
defined population of women with clinical pure 
SUI; however, this information is not generalizable 
to other groups of women with incontinence.*° 
High-level evidence to guide the use of urodynam- 
ics in voiding LUTS or MUI and OAB is limited. 
Because randomized controlled trials concern 
specific populations, the findings may be at odds 
with the priorities of the clinician who is account- 
able for the outcome and satisfaction of the 
individual patient. The decision to perform urody- 
namics is often based on a desire to assess risk 
for postoperative complications to better counsel 
patients on an individualized basis. Although the 
urodynamics information may not mitigate compli- 
cations, it may help manage expectations and 
improve patient satisfaction even if complete 
cure is not achieved. When treating quality of life 
conditions for which surgical intervention is elec- 
tive, patient expectations can be high. If conserva- 
tive therapy alone is planned, urodynamics can be 
avoided. If surgical intervention is contemplated, 
urodynamics may offer valuable counseling 
information. 

An objective diagnosis used to counsel before 
therapy often has value to the patient. Intuitively, 
the collection of objective data to establish the 
correct diagnosis is the first step to effective ther- 
apy. One study demonstrated that, when given a 
choice to have a diagnosis confirmed by urody- 
namics before proceeding with treatment of uri- 
nary incontinence, most women will chose to 
proceed with urodynamics. In this patient prefer- 
ence study, patients with LUTS were offered treat- 
ment based on their preference for conservative 
therapy based on symptoms or treatment pre- 
ceded by urodynamics.° Women without a prefer- 
ence were randomized to the two options. The 
investigators found that in this group of 309 
women (median age 46 years), 49.4% preferred 
urodynamics, whereas 18.4% chose conservative 
therapy alone. Urodynamics did not confer any 
advantage in treatment response over treatment 
based on symptoms alone but there was a higher 
rate of follow-up in those who chose urodynamics. 
This was also true in the randomized groups. The 


greater rate of follow-up suggests that urodynam- 
ics may improve patient compliance with therapy. 
Corroborating studies are still needed. 


INVESTIGATING LUTS IN WOMEN 


LUTS are highly prevalent in men and women; 
rates are affected by age and ethnic or racial 
group.’ Women present with a variety of urinary 
complaints relating to both bladder storage 
(urinary incontinence, urgency, frequency, and 
nocturia) and emptying (urinary retention or incom- 
plete emptying, hesitancy, straining, slow stream, 
intermittency, and terminal dribbling). In some 
cases, the presenting complaint, such as recurrent 
urinary tract infection, may not describe LUTS. 
However, further discussion of bladder symptoms 
when taking history may hint that a functional dis- 
order could underlie the presenting complaint. The 
clinician must use the patient’s complaint, medical 
history, findings on physical examination, and uri- 
nalysis to develop the clinical diagnosis. 

Despite best efforts at obtaining a thorough and 
accurate history, LUTS do not always correlate 
with urodynamic diagnoses.®° Digesu and col- 
leagues'° published a systematic review of 23 
Clinical trials relating to 6282 women with inconti- 
nence. Results showed that urodynamics 
confirmed the clinical diagnosis of SUI in 75% of 
the cases. Clinical SUI was reclassified infre- 
quently as MUI in 9% and as detrusor overactivity 
(DO) in 7% of the cases. As shown in other studies 
investigating the use of urodynamics in SUI, there 
were a small (8%) percentage of women with clin- 
ical SUI who had normal urodynamics. This review 
confirmed the opinion that the clinical diagnosis 
of SUI is usually made correctly without 
urodynamics. 

Greater rates of change were found in women 
with clinical MUI, of which 46% were reclassified 
as SUI and 21% as DO. Based on urodynamics, 
rates of diagnostic change were greatest in 
women with clinical MUI. A full two-thirds of these 
women had the diagnosis changed by urodynam- 
ics. Most were found to have pure urodynamic 
SUI. These results point out that urodynamic find- 
ings in MUI are varied, as are the patients’ com- 
plaints. When there is disagreement between the 
urodynamic findings and the patient’s symptoms, 
urodynamics findings are not necessarily any 
more valid than the patient’s symptoms. Failure 
to demonstrate DO or SUI on urodynamics does 
not wholly exclude either as a source of the pa- 
tient’s symptoms. 

A physician must expertly listen and observe 
during the history and physical examination to 
recognize symptoms, physical findings, and 
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patterns that point to a high likelihood of a func- 
tional urinary disorder. Although there is a role for 
empiric treatment of many LUTS, when there is a 
very high clinical suspicion for a functional disor- 
der that may be best treated surgically, diagnostic 
urodynamic testing may be the prudent next step. 
Urodynamics is also relied on when empiric treat- 
ments fail to provide the expected satisfactory re- 
sults and the clinician wishes to confirm the clinical 
diagnosis. 


URODYNAMIC TESTS USED TO INVESTIGATE 
LUTS 


Uroflow is a noninvasive screening test for patients 
with LUTS. It may be used when any voiding ab- 
normality is suspected. A normal flow curve is a 
smooth arc-shaped curve. The kinetics of the de- 
trusor contraction accounts for the uroflow pattern 
observed.':? Abnormal flow curves may suggest 
obstruction or a weak detrusor but they cannot di- 
agnose the true pathophysiology. The uroflow may 
be altered by a low voided volume or if the patient 
feels inhibited during voiding; therefore, the clini- 
cian should repeat the uroflow in these situations. 

Filling cystometrography (CMG), the urody- 
namic investigation of the pressure-volume rela- 
tionship of the bladder during filling, provides 
assessment of bladder sensation, the presence 
of DO, bladder compliance, and bladder capac- 
ity. Urethral function studies may also be under- 
taken during filling CMG. In clinical practice, the 
presence of altered compliance, DO, or other uro- 
dynamic abnormalities detected during CMG may 
alter the treatment decision, particularly when 
invasive surgery is planned. Women in whom there 
is a high index of suspicion for these urodynamic 
findings should have a CMG performed, including 
those with urinary urgency incontinence (UUI), 
retention, neurogenic disease (known or occult), 
pelvic radiation, or radical pelvic surgery. 

A pressure-flow study (PFS) examines the rela- 
tionship of bladder pressure and urine flow rate 
during the voiding phase.':? A PFS is useful to 
diagnose bladder outlet obstruction (BOO)or 
impaired detrusor contractility in a patient com- 
plaining of voiding symptoms and urgency 
incontinence. 

An electromyogram (EMG) is a test of perineal 
muscle function and measurement of the striated 
sphincteric muscles of the perineum.’ In normal 
voiding, relaxation of the pelvic muscles occurs 
before the detrusor contraction. Therefore, in- 
creases in EMG activity during the voiding phase 
suggest dysfunctional voiding or detrusor 
sphincter dyssynergia. EMG is a useful adjunct 
to PFS to help diagnose voiding dysfunction. 


Videourodynamics refers to the simultaneous 
fluoroscopic imaging of the lower urinary tract dur- 
ing multichannel urodynamics for the purpose of 
obtaining anatomic data. It may be particularly 
useful to diagnose a pop-off mechanism of vesi- 
coureteral reflux in the patient with low compliance 
of the bladder or to determine the level of obstruc- 
tion in BOO. For the diagnosis of primary bladder 
neck obstruction, confirmation is made exclusively 
by fluoroscopy. 

Although urodynamic tests are described as 
separate entities, a thorough urodynamic investi- 
gation of a patient with LUTS includes both CMG 
and PFS. Because clinical symptoms do not pre- 
dict urodynamic findings, it cannot be relied on 
that a patient with storage symptoms needs only 
CMG and a patient with voiding symptoms needs 
only PFS. The importance of attention to the void- 
ing phase in women is highlighted by a study of 
women with LUTS in which urodynamic results of 
CMG were compared with results of CMG and 
PFS.'' The investigators found that PFS added 
relevant information in 33% of women. Seventy 
percent of the women with PFS findings had 
normal a CMG. An interesting and thought- 
provoking finding is that five women initially 
classified as dysfunctional voiders were later re- 
classified as having detrusor-external sphincter 
dyssynergia (DESD) after a neurologic evaluation. 
All five had also shown DO on CMG. The investiga- 
tors caution that increased sphincter activity dur- 
ing voiding and DO, especially if associated with 
DO incontinence in a woman younger than 40 
years, should prompt consideration of a neuro- 
logic referral. This study emphasizes that storage 
and voiding symptoms are related, and that void- 
ing abnormalities may result in storage abnormal- 
ities, such as low compliance, DO, change in 
sensation, and change in capacity. 


URODYNAMIC TESTING IN FEMALE LUTS 


Multichannel urodynamics is the gold standard 
study for the evaluation of complex LUTS and 
identification of functional urinary abnormalities. 
Urodynamic testing is not a screening tool for 
LUTS. It is a diagnostic tool meant to be applied 
with precision to patients who have already been 
identified as having LUTS. Specifically, urodynam- 
ics is used to answer a particular question or series 
of questions regarding the patient’s symptoms. 
The validity of the test to answer these questions 
is predicated on the ability to reproduce the clinical 
symptoms during the test. The results should 
confirm a diagnosis when there is clinical doubt 
or when therapy may be altered by the findings. 
If conservative therapy alone is planned, 
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urodynamics may be avoided because there is lit- 
tle risk to the patient from conservative, nonsur- 
gical therapies. Urodynamics may be more 
helpful before surgical intervention. 

Like other diagnostic tests, urodynamics is not 
infallible nor is it therapeutic or capable of gener- 
ating a therapeutic decision. Its quality is affected 
by operator expertise at set up, performance, and 
interpretation. It is also subject to patient factors, 
such as the ability to relax and perform to the de- 
gree that what she experiences at home can be 
demonstrated during the study. Assuming ideal 
operator and patient factors, urodynamics can 
provide the clinician with data that may change 
the diagnosis and choice of therapy. It is a 
commonly held belief that the objective data ob- 
tained by urodynamics is superior to clinical im- 
pressions and are more important, particularly 
when the previous clinical diagnosis changes. 
However, it is not clear that all urodynamic findings 
are relevant, particularly in the case of DO. 

Diagnostic testing does not always predict 
response to therapy and urodynamics is no 
different. This is often held up as the rationale for 
more limited use of urodynamics; however, 
caution should be used when interpreting this as 
a repudiation of its use. As pointed out by a com- 
mittee of experts, “UDS [urodynamic] results are 
often compared to diagnosis based on clinical 
symptoms but there is no ‘gold standard’ to 
compare to; therefore, estimates of sensitivity, 
specificity, positive and negative predictive value 
of UDS are misleading.”'* Quality and value, as 
they relate to urodynamic testing, have not been 
clearly defined nor is there a consensus of thought. 
Stakeholders (physicians, patients, and third-party 
payers) probably would not have identical defini- 
tions in any case. 


STORAGE LUTS: SUI 


The application of urodynamics has changed more 
in SUI than any other category of female LUTS. Re- 
sults of randomized controlled trials published by 
the Urinary Incontinence Treatment Network 
(UITN) support the recommendation that urody- 
namics is not necessary in the preoperative evalu- 
ation of pure SUI.^13-15 When SUI is described 
clearly by the patient, urine leak is seen with cough 
or Valsalva on examination (supine or standing) 
and there is no sign or symptom of urinary reten- 
tion, SUI is diagnosed without the need for confir- 
matory urodynamics. Urodynamics in this situation 
is thought to only increase cost and delay 
treatment. 

Whether the same recommendation can be 
made for the patient with persistent or recurrent 


SUI is not known. Although not specifically ad- 
dressed in these trials, by similar reasoning, the 
patient who reports persistent SUI after inconti- 
nence surgery and demonstrates leakage on ex- 
amination may not need urodynamics before 
undergoing a secondary incontinence procedure, 
particularly if the treating physician is confident in 
the clinical diagnosis. However, recurrent SUI in 
which the patient had a previously successful in- 
continence procedure but later becomes inconti- 
nent may warrant urodynamics before deciding 
on any future invasive therapy. 

Measuring urethral competence tests of 
abdominal leak point pressure (ALPP) and 
maximal urethral closure pressure (MUCP) fell 
out of widespread use with the advent of midure- 
thral polypropylene slings and changes in con- 
cepts of intrinsic sphincter deficiency (ISD). 
Contemporary concepts of ISD recognize it as a 
spectrum rather than absolute. Because not all 
women with urethral hypermobility leak, those 
women who do must have some degree of ISD. 
Data from the Stress Incontinence Surgical Treat- 
ment Efficacy Trial (SISTEr) found that ALPP did 
not predict surgical outcome, but the Trial of Mid 
Urethral Slings (TOMUS) results found a higher 
rate of SUI postoperatively at one year. Women 
with ALPP or MUCP were in the lowest quar- 
tile.1®1° Although clinicians may still use the sign 
of leakage with cough or Valsalva to confirm SUI 
on urodynamics, the absolute pressure required 
to cause the leak rarely plays a role in the choice 
of surgery nor does it predict response. Even 
with urethral bulking agents for SUI, outcomes 
data support its use in women with urethral hyper- 
mobility as well as in the ISD patient.” Despite 
changes in the understanding of SUI within clinical 
practice, documentation of an ALPP less than or 
equal to 100 cm water is still routinely required in 
order for the Center for Medicare Services to 
approve a bulking agent for SUI. Therefore, if a 
Medicare patient with SUI desires a bulking agent 
as treatment, she will require urodynamics first. 

It is well documented that urodynamics fails to 
diagnose urodynamic incontinence in a small per- 
centage of women with SUI symptoms. Almost 
12% of women in SISTEr and TOMUS had 
absence of urodynamic SUI (USUI) despite clinical 
symptoms and a positive standardized empty 
bladder stress test. In TOMUS, prolapse reduc- 
tion testing was not performed, which certainly 
affected the rate of USUI detection. 

In a secondary analysis of these studies, high- 
grade pelvic organ prolapse (stage 3-4) was 
strongly associated with the absence of USUI. 
The investigators noted that the urodynamic 
bladder capacity (maximum cystometric capacity) 
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in these women was lower, which may reflect that 
they did not reach the volume at which they leak in 
their own environment.'® Given the supraphysio- 
logic filling and room-temperature fluid for urody- 
namics, some women do not accommodate as 
large a bladder volume as they do naturally, thus 
they fail to demonstrate leakage. Management of 
women with clinical SUI but no USUI is problem- 
atic. These patients were at higher risk for post- 
operative urgency urinary incontinence in a 
secondary analysis of the VALUE trial.'° 

When clinical SUI exists with pelvic organ pro- 
lapse, demonstrable with or without prolapse 
reduction, urodynamics is not needed to confirm 
or guide the treatment of incontinence. The deci- 
sion to treat is based on the patient’s reported 
bother from incontinence. More controversial is 
the use of urodynamics to diagnose occult SUI in 
women who have no symptoms of SUI. Methods 
of prolapse reduction are not standardized and re- 
sults can be affected by the method used. 
Currently, clinicians must be guided by their own 
level of comfort in the possibility of de novo SUI 
versus a potential complication from a sling that 
may not have been necessary. 


STORAGE LUTS: MUI AND OAB 


MUI is a very common condition affecting 45% of 
adults identified as having OAB and incontinence 
in the NOBLE (National Overactive Bladder Evalu- 
ation) study.*° The cause of MUI is unknown and a 
common pathophysiologic link may exist between 
UUI and SUI.2' Despite it being very prevalent, not 
all MUI is the same, and definitions vary. MUI can 
refer to equal stress and urge symptoms, stress 
predominant symptoms, urge predominant symp- 
toms, USUI with DO, and USUI with clinical urge 
symptoms but no DO. With all the variety of defini- 
tions of MUI, interpreting the data from various 
studies is difficult. Although MUI includes all of 
these combinations, there is no well-recognized 
standard for reporting the condition of MUI. Even 
among the experienced centers within the UITN, 
diagnoses of OAB were decreased after urody- 
namics, presumably due to failure to demonstrate 
DO.'° The presence of urgency symptoms along 
with SUI has long been a confounding factor in 
the decision to proceed with incontinence surgery. 
MUI symptoms are regarded as more complex 
than pure SUI, and DO is often considered a risk 
for poorer surgical outcome. Women with MUI 
show greater levels of bother and higher levels 
of incontinence than those with pure SUI or 
UUI.22:2° Given the mixed urodynamic findings 
and negatives associated with MUI, urodynamics 
is traditionally advocated in patients with MUI, 


particularly when the patient is not aware of which 
symptom (stress or urge) is predominant. 

In a large study that sought to define the urody- 
namic diagnoses of women with MUI, 49% of 3338 
women reported MUI symptoms and were studied 
urodynamically.'° Women with stress predomi- 
nant MUI demonsirated USUI in 82% of urody- 
namics. Detrusor overactivity was diagnosed in 
64% of women with urge predominant symptoms. 
In women with equal stress and urge symptoms, 
46% had DO and 54% had USUI on urodynamics. 
Nineteen percent showed both USUI and DO. 

Although urodynamics in MUI may reveal infor- 
mation that would reduce unnecessary surgery 
and complications, it may fail to identify DO in up 
to 40% of women with MUI or OAB symptoms.?2:24 
Furthermore, the absence of DO on urodynamics 
does not exclude it as the cause of symptoms. 
Traditionally, patients with DO are offered treat- 
ments for OAB before proceeding with surgery 
for SUI. Whether the diagnosis of DO portends a 
negative impact on SUI surgery is debatable. 

Various studies have reported conflicting results 
regarding the effect of DO on surgical outcome. 
Several smaller studies have shown urge symp- 
toms resolve in a sizable percent of patients with 
MUI after pubovaginal sling.2°7° Nevertheless, 
when urge symptoms persist or worsen after incon- 
tinence surgery, patient satisfaction is greatly 
reduced. The holy grail of MUI remains identifica- 
tion of the clinical or urodynamic parameter that 
can consistently predict either resolution or persis- 
tence of urgency after surgery. Some investigators 
have noted that high amplitude DO (>15-25 cm 
water) portends poorer surgical results with persis- 
tent urgency.””:7° In SISTEr, preoperative and post- 
operative rates of DO did not predict the likelihood 
of successful SUI outcome or the risk of postoper- 
ative voiding dysfunction.2° However, preoperative 
and postoperative urgency incontinence symp- 
toms (MESA [medical epidemiological and social 
aspects of aging] urge index score) were some of 
the factors negatively associated with long-term 
continence rates in extended follow-up of SISTEr.°° 

The AUA-SUFU Guideline Diagnosis and Treat- 
ment of OAB (Nonneurogenic) in Adults states as 
a clinical principle that urodynamics should not 
be used in the initial workup of the uncomplicated 
patient.°' In other words, urodynamics should not 
be a routine investigation for patients who present 
with OAB symptoms. In patients with either OAB 
that fails to respond to conservative measures 
and pharmacotherapy, urodynamics may confirm 
the clinical diagnosis and exclude an unrecog- 
nized finding such as impaired bladder compli- 
ance or a voiding abnormality. In the absence of 
an unexpected urodynamics finding, DO may or 
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may not be found on urodynamics in patients with 
OAB. However, its presence is not necessary to 
define the condition nor to proceed with a variety 
of treatments. Giarenis and colleagues*? exam- 
ined differences in women with OAB according 
to whether urodynamics demonstrated DO. DO 
was detected in 43% of women. Baseline charac- 
teristics of age, body mass index, and hormonal 
status were no different between the groups. 
Women with DO showed a significantly smaller 
cystometric capacity and lower bladder compli- 
ance than the non-DO group. There was no differ- 
ence in the rates of SUI diagnosed in each group; 
however, 62 subjects with DO could not be as- 
sessed for SUI due to the severity and persistence 
of their uninhibited detrusor contractions. Quality 
of life in the groups was assessed and validated, 
and the presence of DO had a statistically signifi- 
cant negative effect on scores.?? With such diver- 
sity of symptoms and urodynamic findings, MUI 
and refractory OAB remain entities for which uro- 
dynamics remains an important diagnostic tool. 


VOIDING LUTS: SUSPECTED OBSTRUCTION 


Voiding symptoms are less common in women than 
storage symptoms but may occur in conjunction 
with storage symptoms or alone in an important 
segment of women presenting for urologic care. 
The prevalence of voiding symptoms in women is 
informed by a large cross-sectional prevalence 
study of urinary symptoms in men and women in 
the United States, United Kingdom, and Sweden. 
Within the study population, 5.2% of women older 
than age 40 years had voiding symptoms, and 
14.9% reported both storage and voiding symp- 
toms.°* The EPIC study, a population-based study 
of bladder symptoms in over 19,000 subjects in 
Canada and Europe found that two-thirds of 
women complained of LUTS with 51.3% complain- 
ing of storage symptoms and 19.5% complaining 
of voiding symptoms.*° In both studies, voiding 
symptoms presented in conjunction with storage 
symptoms more often than alone. 

Women with voiding complaints may complain 
of straining to void, having to stand to void, inter- 
mittency of voiding, constant suprapubic pres- 
sure, or irritative symptoms, including urgency, 
frequency, and incontinence. Some women with 
urinary frequency and urgency may report that 
they are not sure that they completely empty; how- 
ever, this may be due to their urge recurring shortly 
after their void or the failure to lose the urge after a 
void. Therefore, OAB symptoms may give the false 
sensation of failure to empty. The converse may 
also occur. Failure to empty may lead to bother- 
some frequency, urgency, and incontinence. 


Many studies evaluating obstruction after incon- 
tinence surgery demonstrate that irritative symp- 
toms may be the primary symptom related to 
obstruction.°**:*° Given the variety of presenting 
complaints, the evaluating physician must take a 
careful history and have a high index of suspicion 
for obstruction when the differential diagnosis 
warrants. 

True emptying abnormalities may occur in 
women due to obstruction from previous inconti- 
nence surgery, other pelvic surgery, high-grade 
pelvic organ prolapse, or, more rarely, urethral 
disease, such as stricture, neoplasm, diverticulum, 
or cyst (Table 1). These conditions produce 
anatomic obstruction. Antecedent pelvic surgery 
for prolapse or incontinence may be all that is 
needed to determine that a patient is obstructed, 
particularly if the clinician has knowledge of preop- 
erative urinary symptoms and voiding parameters. 
In this situation, the strong temporal relationship of 
the surgery to the onset of voiding symptoms is 
implication of the surgery. Urodynamic studies in 
this case may or may not show characteristic 
high-pressure and low-flow voiding. Therefore, it 
may not change the surgeon’s decision to release 
the sling. Cystoscopy may be helpful in deter- 
mining if urethral disease is present or, if a urethral 
abnormality is noted on physical examination, 
other testing such as voiding cystourethrogram 
(VCUG) or urethral MRI may be used. 

Obstruction may also be due to functional 
causes such as dysfunctional voiding, detrusor 
sphincter dyssynergia, or primary bladder neck 
obstruction. Functional obstruction is not associ- 
ated with visible anatomic changes in the lower 
urinary tract and cannot be diagnosed without a 
functional study such as urodynamics. 


URODYNAMIC TESTING IN SUSPECTED 
OBSTRUCTION 


The role of urodynamics in obstruction after incon- 
tinence surgery is debatable. The woman who is in 
persistent retention after a sling without any other 
cause for her retention can easily be diagnosed 
with an obstructing sling. Therefore, urodynamics 


Table 1 
Causes of female voiding LUTS: obstruction 


Bladder Outlet Obstruction 


Functional 


Dysfunctional voiding or DESD 
Primary bladder neck obstruction 


Urethral disease 
Previous incontinence surgery 
High-grade pelvic organ prolapse 


Anatomic 
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before sling lysis in this patient is not necessary. 
When the patient who is not in frank urinary reten- 
tion presents with voiding complaints several 
years after an incontinence surgery, it is difficult 
for the clinician to know whether the surgery is ob- 
structing or whether those symptoms are related 
to another cause. 

The Urodynamic Guidelines state that clinicians 
may perform a postvoid residual urine volume 
(PVR) in patients with LUTS as a safety measure 
to rule out significant urinary retention both initially 
and during follow-up (clinical principle).* PVR is a 
simple test that may be useful in women with void- 
ing LUTS. It is a measurement that may be ob- 
tained noninvasively with a bladder scan or by 
simple catheterization when a bladder scanner is 
unavailable. A PVR of greater than 100 mL is re- 
garded as abnormal but the value reveals nothing 
about the cause. Another limitation is that voiding 
symptoms have not been shown to be predictive 
of an elevated PVR. In a study of 686 women, void- 
ing symptoms had a low sensitivity and specificity 
for elevated PVR.°° When using PVR as a 
screening tool for LUTS, a single reading may be 
insufficient to deem the PVR abnormal. A second 
corroborating measurement of PVR is prudent; or 
more than two to establish a trend in PVR mea- 
surements. Some asymptomatic patients may 
have PVR greater than 100 mL, so this parameter 
in isolation may be inconsequential. Additionally, 
a normal PVR should not exclude a patient with 
bothersome voiding LUTS from further investiga- 
tion or treatment. 

An uninstrumented uroflow is also a useful 
screening tool in the evaluation of a woman with 
voiding symptoms and the possibility of obstruc- 
tion. It is a noninvasive measure that reports flow 
velocity, flow pattern, and voiding time. Abnormal- 
ities from normal values can point to possible void- 
ing dysfunction, yet it is not specific for cause. 
Whether the cause is due to the bladder outlet or 
to the detrusor cannot be determined from an 
uninstrumented uroflow. Its greatest use is as a 
comparison to the flow achieved on a PFS. If the 
uninstrumented flow is a normal bell-shaped 
curve, abnormalities on the PFS must be inter- 
preted with caution. Abnormalities on the PFS 
can be related to the intraurethral catheter and 
some studies have demonstrated that increased 
outlet resistance can reduce the flow rate and 
lead to overdiagnosis of bladder outlet 
obstruction.?” 98 

When the clinical question posed is whether or 
not the woman with voiding LUTS is obstructed, 
the PFS is the urodynamic test that can answer 
the question and make a definitive diagnosis. 
The PFS has the ability to distinguish bladder 


outlet obstruction (BOO) from impaired detrusor 
contractility. The filling cystometry phase of full 
urodynamics may also be relevant. Detrusor over- 
activity is often associated with obstruction; how- 
ever, other cystometric findings of compliance and 
capacity may also help understand the patient’s 
symptoms; particularly because the storage and 
voiding symptoms often coexist. When the clini- 
cian has a high index of suspicion for BOO, urody- 
namics should be performed. 

In other conditions, such as SUI and OAB, uro- 
dynamics is not recommended before conserva- 
tive therapy. In the case of voiding symptoms, 
obstruction and detrusor underactivity are 
distinctly different in cause and management. 
Delay in distinguishing obstruction that could 
potentially be corrected surgically could lead to 
unnecessary bother for patients. In the treatment 
of suspected BOO, conservative treatment may 
simply be management by clean intermittent cath- 
eterization. This can be undertaken without urody- 
namics; however, it is invasive and unpopular in 
most neurologically intact patients. Because no 
satisfactory pharmacotherapy exists and physical 
therapy is only useful for functional causes, sur- 
gery may be the only option for correction. Given 
the paucity of conservative options for BOO, a 
convincing argument can be made for urodynam- 
ics early in the evaluation of women with sus- 
pected BOO. 

Performance and interpretation of urodynamics 
for female voiding symptoms is hampered by a 
lack of information on normative values for voiding 
in women and a lack of standardized urodynamic 
criteria to define obstruction in women. There is 
more variability in voiding in women than in men. 
Some women generate a detrusor contraction to 
void, whereas others may just relax the pelvic 
floor. Many women void normally with a low detru- 
sor pressure, whereas some augment voiding or 
void exclusively with abdominal straining. Urody- 
namic standards for obstruction in men and the 
nomograms based on these standards cannot be 
applied to women. 

Several studies have sought to establish urody- 
namic parameters to define obstruction in women. 
Definitions are usually based on detrusor pressure 
and flow rate.°°-** Broad application of these def- 
initions has been limited. Nitti and colleagues’? 
defined BOO on videourodynamics by the fluoro- 
scopic images of the bladder outlet during voiding. 
These investigators rightfully point out that “if 
normal voiding occurs at a low detrusor pressure, 
then bladder response to obstruction by the gen- 
eration of higher voiding pressures may be difficult 
to perceive.”“° The addition of simultaneous fluo- 
roscopic imaging of the bladder outlet during 
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Fig. 1. The fluoroscopic appearance of “spinning top urethra”. The image (A) is an anterior posterior view and 
the image (B) shows an oblique view. The appearance is similar in cases of dysfunctional voiding and DESD. In 
both cases the bladder neck and proximal urethra appear dilated to the level of the external sphincter. 


voiding aids the diagnosis and helps localize the 
site of obstruction. Their definition of BOO is radio- 
graphic evidence of obstruction between the 
bladder neck and distal urethra in the presence 
of a sustained detrusor contraction without appli- 
cation of strict pressure-flow criteria. In the 331 
women studied, PFSs were not sufficient to diag- 
nose BOO in all women. Although a helpful adjunct 
for the diagnosis of BOO, fluoroscopy in the urody- 
namics suite is not universally available. 

Akikwala and colleagues** published an inter- 
esting study of 154 women with clinical obstruc- 
tion who underwent urodynamics and compared 
rates of BOO based on five different definitions: 
three PFS cutoff criteria, videoourodynamic 
criteria, and the Blaivas-Groutz nomogram.** The 
greatest concordance was found between the 
fluoroscopic criterion and pressure-flow cutpoints; 
whereas the Blaivas-Groutz nomogram overesti- 
mated obstruction compared with other criteria. 
There are no absolute urodynamics values that 
can be used to reliably diagnose BOO in women, 
so the evaluation must be individualized. Urody- 
namic findings consistent with obstruction are 
supported when a combination of history, phys- 
ical, PVR, and uroflow are also highly suggestive 
of a voiding abnormality. 


FUNCTIONAL URINARY OBSTRUCTION 


BOO related to functional causes, such as 
dysfunctional voiding, primary bladder neck 
obstruction (PBNO), and DESD, may also be diag- 
nosed by urodynamics. Both dysfunctional voiding 
and DESD describe involuntary contraction of the 
external urinary sphincter during voiding, but 
DESD occurs in a patient with a suprasacral spinal 
cord lesion. Dysfunctional voiding is demonstrated 
on EMG by increased activity on the voiding 


phase. Unfortunately, EMG is easily influenced 
by artifact, which can affect interpretation. It is 
important for the clinician to correlate the EMG 
findings to the patient’s symptoms. Increased 
EMG activity during voiding in a patient without 
voiding complaints may be due to discomfort void- 
ing with the catheter in place or inhibition related to 
voiding in an artificial setting and in front of the 
examiner. Performance of additional fill and 
emptying phases may help corroborate findings 
or help clarify what is artifact. On a practical 
note, simply asking the patient whether the void 
was similar to her voids at home is also helpful to 
determine whether the increased EMG activity is 
authentic or artifact. 


Fig. 2. PBNO appears as a closed or very narrow 
bladder neck. It is often described as a bird-beak 
bladder for this reason. 
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The fluoroscopic appearance of dysfunctional 
voiding is similar to DESD. In both cases, the 
bladder neck and proximal urethra appear dilated 
to the level of the external sphincter. This fluoro- 
scopic appearance is referred to as a spinning 
top (Fig. 1). In contrast, PBNO appears as a closed 
or very narrow bladder neck. It is often described 
as a bird-beak bladder for this reason (Fig. 2). Ur- 
odynamics without concomitant fluoroscopy 
cannot definitively diagnose the level of obstruc- 
tion. Although not ideal, when videourodynamics 
is not available, cystoscopy can be used to rule 
out an anatomic obstruction and a VCUG can be 
obtained if the cystoscopy is negative. 


SUMMARY 


Urodynamics should be used selectively in women 
with LUTS to answer specific functional questions. 
Diagnostic and management dilemmas are often 
encountered in the treatment of women with 
LUTS. The use of urodynamics has been clarified 
in one specific population, that of women with 
pure SUI symptoms. In that population, it is safe 
to forego urodynamics preoperatively. In many 
other groups of women with bothersome LUTS, 
urodynamics remains the best test available to 
confirm a diagnosis and exclude others. New 
guidelines in urodynamics and nonneurogenic 
OAB state that empiric treatment should not be 
withheld for urodynamics first for the patient with 
uncomplicated OAB. Urodynamics is more aptly 
reserved for the OAB patient who fails to respond 
to empiric conservative therapy or in whom there 
is a concern for a poorly compliant bladder or uri- 
nary obstruction. In the case of voiding LUTS, the 
current literature points to the value of voiding 
studies to better understand both the filling and 
emptying function. 
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KEY POINTS 


e Lower urinary tract dysfunction and urinary symptoms are common in patients with multiple scle- 
rosis (MS), and when studied, most symptomatic patients will have abnormal urodynamic findings. 

e Urologic symptoms may not always predict urodynamic study findings. 

e Invasive pressure-flow urodynamic studies may be helpful in providing an accurate diagnosis; how- 
ever, the universal recommendation of obtaining invasive urodynamic testing in MS patients with 
minimal to moderate urologic symptom burden seems flawed. 


INTRODUCTION 


Multiple sclerosis (MS) is an autoimmune inflam- 
matory disease that results in damage to the 
myelin sheaths of the nerves in the central nervous 
system. MS is commonly diagnosed between the 
ages of 20 and 40 and affects women 3 times 
more often than men. Reportedly, 80% to 96% 
of all patients with MS will seek urologic care 
because of bothersome lower urinary tract symp- 
toms (LUTS) at some point in their disease course, 
and as many as 12% may have symptoms before 
their actual diagnosis.''* For the purposes of this 
review, all patients are considered who have 
LUTS secondary to MS as having neurogenic 
lower urinary tract dysfunction (NLUTD). Another 
term that is commonly used in this population is 
neurogenic bladder (NGB). In the strictest of 
senses, patients with NGB suffer from some type 
of bladder dysfunction secondary to an underlying 


neurologic condition, although this terminology is 
commonly applied to a broader range of 
dysfunctions. 

Urinary urgency, frequency, and urgency incon- 
tinence are the most common symptoms reported 
by patients with MS, occurring in 37% to 99% of 
patients. Voiding symptoms (hesitancy, feeling 
of incomplete emptying, and occasionally urinary 
retention) are also common in this population, 
occurring in 34% to 79% of patients.** Tradition- 
ally, filling cystometry combined with pressure/ 
flow studies (that will be now referred to as urody- 
namic studies or UDS) have been a cornerstone of 
the initial evaluation of patients with NLUTD, 
although recently that practice has been chal- 
lenged. In this review article, the role of UDS in 
the diagnosis and management of patients with 
MS is focused on, along with data published within 
the past 15 years. 
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URODYNAMIC FINDINGS IN PATIENTS WITH 
Ms 


Among patients with MS, the most common UDS 
finding is neurogenic detrusor overactivity (NDO)? 
seen in up to 70% of patients, although consider- 
able variation exists depending on the population 
studied. It is theorized that in patients with MS, 
NDO results from the loss of inhibitory cortical in- 
fluence of brain stem activity. In contrast, the 
cause of idiopathic detrusor overactivity (IDO), 
which represents detrusor overactivity (DO) seen 
in patients without known neurologic conditions, 
is less clear, although myogenic, undiagnosed 
neurogenic, and ischemic causes have all been 
suggested. Data from a recent study suggest 
that, in-line with the above physiologic explana- 
tion, DO seen in MS differs from that seen in non- 
neurogenic patients. In 2006, Lemack and 
colleagues? investigated the differences between 
NDO in MS patients and IDO in patients without 
any neurogenic cause. The authors examined 
amplitude of first involuntary detrusor contraction 
(IDC), maximal detrusor contraction, and threshold 
volume for the first IDC as a measure severity of 
DO. Patients with MS and NDO had significantly 
higher amplitude of first IDC (28.3 cmH2O vs 20.5 
cmH20, P = .003). Similarly, NDO patients had a 
significantly higher maximal detrusor contraction, 
46.4 cmH2O, as compared with IDO patients, 
30.8 cmH20 (P = .002). Last, the threshold volume 
for DO was greater in the MS patients (186.8 mL vs 
150.5 mL, P = .037), which the authors attributed 
to the larger postvoid residual (PVR) in the MS pa- 
tients. These findings were in concert with a 1997 
study by Gray and colleagues, who also noted 
that patients with MS had higher amplitudes of 
IDCs as compared with nonneurogenic controls. 
In addition, MS patients had higher PVRs when 
compared with nonneurogenic patients. 

Others have similarly found DO to be the most 
common urodynamic finding followed by detrusor 
sphincter dyssynergia (DSD) (25%), although the 
variance in prevalence rates between this and other 
studies reflects the importance of recognizing the 
particular population surveyed, and the urodynamic 
definitions used.’ A recent meta-analysis of the eval- 
uation and management of LUTS in MS noted NDO 
(25%-100%) and DSD (8%-71%) as the most com- 
mon UDS findings. Detrusor underactivity or acon- 
tractility was seen in 8% to 70%, and altered 
compliance was found in 7% to 10% of patients.® 


URINARY SYMPTOMS IN PATIENTS WITH MS 


As NDO is the most common UDS finding seen 
in patients with MS, numerous studies have 


shown that storage symptoms (such as urgency, 
frequency, and urgency incontinence) are the 
most common LUTS reported by these patients. 
Depending on the population surveyed and the 
survey tool used, a prevalence of 10% to 100% 
for LUTS has been reported. Hennessey and col- 
leagues? investigated urinary, fecal, and sexual 
dysfunction in patients with MS. Of 191 patients 
queried, 53% reported bothersome urologic 
symptoms, with symptoms of urinary frequency 
and urgency being much more prevalent than 
voiding/emptying symptoms. Specifically, some 
degree of urinary frequency was observed in 
177 of 191 (93%) patients. Overall, 145 of 191 
(76%) were noted to void more than 5 times a 
day and 32 of 191 (17%) more than 10 times a 
day. Interestingly, in this group, 71% of patients 
reported some degree of urgency incontinence. 
Chronic catheter use was fairly infrequent in this 
group. Although 55 of 221 (25%) patients had 
required the use of a urinary catheter at some 
point in their disease process, only 6 of 221 
(3%) used clean intermittent catheterization on a 
regular basis.° A recent study of 66 patients noted 
storage symptoms to be more common than 
emptying symptoms. Specifically, urinary urgency 
was the most common symptom (65%), followed 
by frequency (44%) and urgency incontinence 
(42%).” 

Although both LUTS and UDS findings are sub- 
ject to change over time, the LUTS progression 
does not seem to be inevitable in patients with 
MS. A 2001 study retrospectively evaluated 22 pa- 
tients with MS and LUTS over a 14-year period. '° 
All patients underwent 2 or more UDS during this 
time as a means of studying their LUTS. Fourteen 
of the 22 (64%) patients had stable or worsening of 
the same symptoms at follow-up and 8 of 22 (36%) 
had new symptoms of incontinence, obstructive, 
or irritative symptoms. Six of the 14 patients who 
did not develop new urinary symptoms were found 
to have significant changes in UDS patterns, 
including altered compliance. The data from this 
small study are not sufficient to conclude that 
repeated urodynamic investigations are warranted 
in patients without change in symptoms, baseline 
renal or urodynamic abnormalities, or patients 
deemed to be at high risk. 

In summary, UDS may be helpful in identifying 
the type of NLUTD in patients with MS. NDO is 
the most common UDS observation in symp- 
tomatic patients, and storage symptoms, such 
as urinary urgency and frequency, are the most 
common symptoms described. Still, the relation- 
ship between urinary symptoms and UDS find- 
ings in patients with MS requires further 
scrutiny. 


THE COMPLEX RELATIONSHIP BETWEEN 
DISEASE SEVERITY, UROLOGIC SYMPTOMS, 
AND URODYNAMIC FINDINGS 


The relationship between LUTS, neurologic symp- 
tom severity, and UDS findings has been reported 
on several occasions. Overall, the results are 
decidedly mixed. Several studies have shown a 
positive correlation between Expanded Disability 
Status Scale (EDSS) and NLUTD. A 1999 study 
retrospectively investigated 116 patients with MS 
and NLUTD.'' All patients had EDSS scoring 
(mean EDSS was 6.0 + 2.2) and were evaluated 
with a UDS. UDS abnormalities were noted in 
104 of 116 (90%) patients. DO was seen in 94 of 
104 (81%) and detrusor acontractility in 4 of 104 
(8%). Altered compliance was observed in 12 
(10%) patients, whereas detrusor external 
sphincter dyssynergia was noted in 49 (42%) 
patients. There was a significant relationship be- 
tween urologic complaints and neurologic com- 
plaints. Specifically, there was a significant 
positive correlation between the presence of DO 
and EDSS score (P = .003). 

In 2001, Barbalias and colleagues'* prospec- 
tively investigated 110 patients with MS with the 
aim of correlating the response to treatment, the 
prevailing UDS findings, and severity of disease. 
All patients had videourodynamics (VUDS; UDS 
with simultaneous fluoroscopic imaging) and 
assessment of their MS symptoms using the 
Kurtzke score, which grades severity of MS symp- 
toms on a scale of 1 (self-sufficient with minimal 
impact on daily life) to 3 (wheelchair-dependent 
or nonambulatory). The authors found no correla- 
tion between VUDS finding (DSD, DO, altered 
compliance) and severity of MS. 

Onal and colleagues’? reported on the relation- 
ship between urologic symptoms (not UDS find- 
ings) and neurologic parameters in patients with 
MS. The authors retrospectively examined 249 pa- 
tients with MS and LUTS. Disease severity was 
determined by EDSS score, whereas urologic 
symptoms were evaluated using the Boyarsky 
symptom index, and a questionnaire graded 0 to 
22. The authors found only a weak correlation be- 
tween EDSS scores and storage, voiding and total 
symptom scores. Because this seldom-used 
questionnaire lacks specific questions regarding 
urgency incontinence and the need to strain with 
urination, the lack of correlation may not be 
entirely unexpected. 

Most recently, Wiedemann and colleagues! 
sought to define which demographic factors 
were critical in the determination if UDS were 
necessary in patients with MS. The authors exam- 
ined 100 patients with MS (9 primary progressive 
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multiple sclerosis, 47 relapse remitting multiple 
sclerosis [RRMS], and 43 secondary progressive 
multiple sclerosis), whose mean EDSS was 4.52 
+ 2.26. Sixty-one patients reported urinary incon- 
tinence based on recall, with 78.7% of patients re- 
porting that they used incontinence pads. During 
UDS, 26 patients were observed to have DSD, of 
which all patients had concomitant DO. Isolated 
DO was noted in 21 patients. When regression 
analysis was performed, the highest probability 
to detect pathologic findings on UDS was seen 
in patients with an EDSS greater than 6.5 (wheel- 
chair-dependent), followed by use of more than 
one incontinence pad and having any form of MS 
other than RRMS. The authors concluded that all 
patients with MS should be questioned about 
LUTS and have a UDS if they have increasing 
degree of disability (EDSS>6.5), use more than 
one pad per day, or have primary or secondary 
progressive forms of MS. 

Haverkorn and colleagues'® examined the role 
of the Urinary Distress Inventory Short Form 
(UDI-6), a validated questionnaire assessing 
LUTS, to predict UDS findings of women with 
MS. They retrospectively reviewed their MS data- 
base for patients who had both UDS data and 
UDI-6 data (n = 68). The authors concluded that 
aggregate UDI-6 score did not correlate with 
UDS findings. However, question 1 of the UDI-6 
(“Do you experience, and, if so, how much are 
you bothered by frequent urination?”) correlated 
with filling phase abnormalities, whereas question 
5 (“Do you experience, and, if so, how much are 
you bothered by difficulty emptying your 
bladder?”) correlated with an abnormal PVR.'° In 
addition, patients with moderate/severe bother 
associated with frequency (Q1) were more likely 
to have DO than those with no/mild bother 
(P = .05), had significantly lower voided volumes 
(195 mL vs 317 mL, P = .008), and lower maximum 
bladder capacity (293 mL vs 481 mL, P = .026). 
Patients with greater bother while voiding (Q5) 
were not more likely to have DSD, but did have 
higher PVR volumes (146 mL vs 52 mL, 
P = ,036). Abnormal scoring on these 2 items 
may indicate that underlying UDS abnormalities 
are likely to be present. 

Dillon and colleagues'’ reported on the ability of 
UDS to predict the progression of LUTS in patients 
with MS. The authors retrospectively examined 
their neurogenic database and identified 122 
women who had undergone UDS and had 2 sets 
of UDI-6 questionnaires, separated by at least 
6 months. UDS parameters that were investigated 
were presence of DO, presence of DSD, maximum 
cystometric capacity, maximum flow (Qmax), 
PVR, and presence of urodynamic-proven urge 
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urinary incontinence. The authors found that not 
only was there a lack of symptom progression in 
patients who did not have DO or DSD, but after 
the institution of care at a urologic tertiary referral 
center, patients had improvement in their symp- 
toms. Patients who were noted to have DO or 
DSD did not appear, on average, to have an inev- 
itable progression of symptoms. 

Although several studies have shown a positive 
relationship between some clinicodemographic 
factor of MS and UDS findings or LUTS, others 
have failed to show a correlation between neuro- 
logic symptoms and UDS findings. Nakipoglu 
and colleagues’ investigated the correlation 
between MS symptoms and UDS findings. One 
hundred thirty-two patients with MS were evalu- 
ated over a 1-year period, of which 52 were 
included in the final analysis. MS symptoms were 
assessed using EDSS score. UDS abnormalities 
were seen in 58% of patients, whereas 42% of pa- 
tients with MS had normal UDS. No relationship 
was found between disease characteristics and 
urinary symptoms, urinary complications, and 
UDS findings (P>.05). 

Urinary symptoms may also not be predictive of 
UDS findings, particularly in patients with voiding 
disorders. In a UDS investigation of patients with 
neurogenic outlet obstruction due to MS, Lemack 
and colleagues’? found that many patients with a 
UDS finding of a voiding disorder were referred 
with largely storage type urinary symptoms. Over- 
all, 127 women with MS were evaluated and 108 
had UDS. Most patients (52%) were referred for 
LUTS (urgency, frequency, and/or urgency inconti- 
nence). The remainder of the patients was referred 
for symptoms of voiding dysfunction (21%), sus- 
pected UTI (13%), or other complaints (14%). The 
authors found that there were no differences in 
chief complaints of those with and without bladder 
outlet obstruction (BOO), suggesting that if the 
finding of BOO would impact management, then 
UDS studies may be necessary to establish the 
diagnosis, because obstructive symptoms were 
present less frequently than storage symptoms. 

Because of the lack of a clear relationship be- 
tween symptoms and urodynamic findings, as 
well as the lack of agreement as to the clinical 
meaningfulness of demonstrating certain uro- 
dynamic findings (ie, it is not clear that demon- 
strating DO impacts management of patients 
with OAB symptoms), it remains up to the clinician 
to decide when UDS are indicated. It is the opinion 
of the authors that patients with elevated PVR 
(>150 mL), patients that have failed at least 2 
trials of medical therapy, patients with primarily 
obstructive symptoms (straining, hesitancy), and 
patients with any degree of hydronephrosis do 


merit an initial UDS. Furthermore, although the 
authors do think that patients with MS contem- 
plating stress urinary incontinence surgery should 
undergo UDS preoperatively, those considering 
onabotulinumtoxinA injections may not require 
anything beyond symptom and PVR assessment 
in most circumstances. 


URODYNAMICS AND UPPER TRACT 
MONITORING 


Available studies investigating the prevalence of 
upper urinary tract (UUT) abnormalities in patients 
with MS are limited. Furthermore, the relevant clin- 
ical question, that is, who, in particular seems to 
be at greatest risk, has been studied infrequently. 
Dogma suggests that UDS is essential in the initial 
evaluation of all patients with MS and LUTS to 
assess risk factors for UUT damage and imple- 
ment strategies to prevent damage. This review 
solely highlights those studies investigating upper 
tract deterioration and the potential relationship 
with MS characteristics. 

The extent to which the kidneys are at risk for 
deterioration, as they seem to be for spinal cord 
injury, has been debated. In a study of 92 patients 
with MS, the mean creatinine clearance was found 
to be normal at 132.8.'° When stratified based on 
type of MS (relapsing vs progressive), severity of 
MS based on EDSS score and UDS findings, no 
significance was found between groups and the 
rate of upper tract damage based on creatinine 
clearance. A trend was noted in patients who 
had severe MS (EDSS>5) and those who had up- 
per tract damage, as defined by a change in serum 
creatinine levels. Others have demonstrated that 
patients with MS are at low risk for upper tract 
deterioration. In a recent series, only 16.7% of 
MS patients demonstrated some degree of abnor- 
mality on renal ultrasound, with focal caliectasis 
being most common.2° Findings on UDS were 
not associated with abnormal ultrasound findings. 
In a subsequent study by the same authors, pa- 
tients with concomitant NDO and bladder outlet 
dyssynergia were not found to have an appre- 
ciable difference in detrusor pressures when 
compared with patients with NDO alone.'® This 
finding again gives merit to the fact that even in pa- 
tients with bladder outlet dysfunction, the inci- 
dence of upper tract damage is low. Similarly, 
Onal and colleagues'* reported that 5% of their 
patients with MS were found to have unilateral or 
bilateral hydronephrosis. Furthermore, no correla- 
tion was found between UDS diagnosis and UUT 
deterioration (P>.05). 

More recently, Fletcher and colleagues?! inves- 
tigated the prevalence of renal ultrasound 


abnormalities over time in MS patients with LUTS. 
The authors defined UUT damage as the presence 
of hydronephrosis, caliectasis, cortical scarring, or 
stone formation. Over a 9-year period, 173 pa- 
tients had both UDS and renal ultrasound. 
Eighty-nine patients had repeat UDS at a time 
point greater than 12 months. Of these, 5.8% of 
subjects had abnormalities at initial ultrasound, 
whereas at follow-up, renal ultrasound (RUS) ab- 
normalities were seen in 12.4% of patients. Over- 
all, there were 7 patients who developed new 
abnormalities. Of those who developed UUT ab- 
normalities, patients who were greater than 
49 years old were more likely to have RUS abnor- 
malities (P = .04) as were patients who had 
abnormal compliance (P = .04) on initial UDS eval- 
uation. The authors concluded that the develop- 
ment of UUT abnormalities as determined by 
RUS overall is low, although older patients and 
those with abnormal compliance may merit closer 
supervision. 


SUMMARY 


NLUTD and urinary symptoms are quite common 
in patients with MS, and when studied, most 
symptomatic patients will likely have abnormal 
UDS findings. This truism does not mean that pa- 
tients with MS universally require UDS. Therefore, 
although symptoms may not always predict UDS 
findings, a combination of noninvasive studies 
and a stepwise approach to symptomatic man- 
agement may suffice when treating most patients 
with LUTS and MS. Thus, for the typical female pa- 
tient with normal PVR and urgency symptoms, 
initiating medical therapy seems justified without 
the need for UDS. There is no doubt that for 
many, ultimately UDS may be helpful in providing 
an accurate diagnosis, guiding management deci- 
sions, and potentially, offering prognostic informa- 
tion on risk for upper tract deterioration (which is 
overall quite uncommon). However, the universal 
recommendation of obtaining UDS in MS patients 
with minimal to moderate urologic symptom 
burden seems flawed. 
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KEY POINTS 


e Neurogenic lower urinary tract dysfunction (NLUTD) affects a large population of patients with 
variable bladder behaviors depending on extent of disease. 

e Videourodynamics can be useful to evaluate outlet and upper tracts during filling and voiding. 

e Monitoring blood pressure during urodynamics (UDS) for autonomic dysreflexia is especially impor- 


tant for patients with spinal cord injury (SCI). 


e UDS in patients with NLUTD are challenging because of the inherent lack of sensation and lack of 


correlation of symptoms to upper tract disease. 


e Patients with SCI undergo a period of spinal shock after injury usually lasting 4 to 6 weeks; initial 
study should be delayed until after bladder reflexes return. 


WHO: EPIDEMIOLOGY OF NEUROGENIC 
LOWER URINARY TRACT DYSFUNCTION 


Neurogenic lower urinary tract dysfunction 
(NLUTD) (also referred to as neurogenic bladder 
[NGB)}) is a condition in which neurologic disease 
manifests by alteration of bladder and sphincter 
activities through abnormal bladder innervation. 
NLUTD affects a large population of patients 
suffering from various conditions, including spinal 
cord injury (SCI), stroke, traumatic brain injury, 
brain tumor, meningomyelocele, cerebral palsy, 
multiple sclerosis, disk disease, Parkinson dis- 
ease, and other diseases with long-term neuro- 
logic dysfunction, such as diabetes, pernicious 
anemia, and tabes dorsalis. Bladder behavior in 
each subset of patients is unique depending on 


extent and length of disease and may require close 
monitoring for symptomatic control and evaluation 
for potential upper tract deterioration. 


Historical Perspective 


Before the late 1970s, it was well recognized that 


patients with NGB developed bladder dysfunction 
and obstructive uropathy slowly in the first 5 years 
after injury, followed by a faster progression to 
eventual renal failure, hypertension, stone forma- 
tion, incontinence, vesicoureteral reflux (VUR), 
autonomic dysreflexia (AD), and even death.' The 
recognition that bladder storage pressure is related 
to upper tract damage was first published in 1978 
by Light and colleagues,* who reported upper tract 
deterioration in children with myelodysplasia. This 
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was followed by the more familiar work of McGuire 
and colleagues, in 1981, who described more 
definitively that myelodysplastic children with 
elevated detrusor leak point pressure (DLPP) are 
at risk to develop upper tract disease. This land- 
mark study evaluated 42 pediatric subjects with 
spinal dysraphism. These subjects underwent uro- 
dynamics (UDS) and 68% of subjects with a DLPP 
greater than 40 cm of water were found to have 
VUR and 81% had dilated upper tracts on excre- 
tory urography. In contrast, none of the subjects 
with a DLPP less than 40 cm of water had VUR 
and only 9% had dilation of upper tracts. Sub- 
sequently, in 1989, Ghoniem and colleagues* 
described the relationship between high DLPP 
and poor bladder compliance leading to renal 
dysfunction, thus prompting the use of pharmaco- 
logic therapy in conjunction with intermittent cath- 
eterization or procedures, such as bladder neck 
incision, to decrease outlet resistance. 


HOW: PERFORMING UDS IN A PATIENT WITH 
NLUTD 
Preparation for the Study 


Many patients with NLUTD also have neurogenic 
bowel with a home bowel regimen. If the patent 
is not on a bowel regimen, bowel evacuation 
may be necessary before the study to allow for 
accurate rectal catheter pressure readings.° If pa- 
tients are already on a bowel program, rectal sup- 
positories or enemas should be administered with 
enough time before the study to allow the medica- 
tion to take effect and avoid bowel movements 
during the procedure. 

The study can be performed in the supine, 
sitting, or standing positions, or during ambula- 
tion. Many patients with NLUTD have limitations 
in mobility, not allowing them to sit or stand at a 
commode. These patients do not usually void 
into a toilet and, therefore, it is acceptable to do 
the study in the supine position during the test. Pa- 
tients should be comfortable regardless of position 
and care should be taken to avoid excess pressure 
on the limbs and to protect skin from breakdown. If 
patients volitionally void, the study should be per- 
formed in the position in which they usually void 
(standing or sitting) to allow for optimal pressure- 
flow measurement. If using fluoroscopy, it is ideal 
that the patient is positioned so that oblique 
images can be captured to adequately visualize 
the bladder neck. To perform the pressure-flow 
portion of the study, urine may be collected into 
a wide-bore drainpipe with length to reach the 
flowmeter. Multiple positions might be required, 
especially when expected results are not achieved 
in the supine position. 


Filling Rate 


Patients with NLUTD tend to be more sensitive to 
the speed of filling. A voiding diary is often helpful 
to determine if the filling rate should be decreased. 
A voiding diary that reveals low volumes and/or 
consistent leakage with or between each void or 
catheterization warrants lower filling rates. Gener- 
ally, starting at a low rate of 10 mL/min or less is 
advised.’ If no increase in detrusor pressure is 
seen, the rate may be increased slowly. If the detru- 
sor pressure continues to increase with filling, 
decreasing the filling rate or stopping the infusion 
can help determine if the increase in pressure is 
due to a detrusor contraction or impaired com- 
pliance. In a child with NLUTD, the rate can be 
calculated as 2% to 10% of the child’s age- 
related bladder capacity.®° Filling rates greater 
than 20% of estimated bladder capacity have 
been shown to artificially raise detrusor pressures. '° 


Electromyography 


Electromyography (EMG) during UDS is very use- 
ful in patients with NLUTD because it may confirm 
denervation of the pelvic floor musculature or 
identify discoordination of the external urethral 
sphincter. In patients with sensation, pad surface 
electrodes can be placed around the anus. The 
surface EMG is described as an indirect measure 
of external sphincter activity. Needle electrodes 
that more directly assess sphincter function are 
often used with patients with SCI who have no 
sensation. '! 

EMG is especially important in evaluation of pa- 
tients with neurologic lesions suggestive of detru- 
sor external sphincter dyssynergia (DESD) or other 
evidence of impaired bladder emptying. DESD is 
seen during the voiding phase of the UDS 
(Fig. 1). During DESD, the external (voluntary) 
sphincter contracts (signified by increased EMG 
activity on UDS), which impairs the ability to empty 
the bladder by obstructing the outlet and may pre- 
vent a sustained bladder contraction, further im- 
pairing bladder emptying. EMG is also useful in 
monitoring patients who have undergone sphinc- 
terotomy (see later discussion). 


Videourodynamics 


Fluoroscopic imaging at the time of videourody- 
namics allows for the visual evaluation of the entire 
urinary tract during filling and voiding phases of the 
study. This imaging identifies anatomic and func- 
tional abnormalities of the urinary tract. Fluoros- 
copy may be performed on a radiograph table 
in the supine position, or in an radiograph- 
compatible UDS chair. Patients with NLUTD often 
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Fig. 1. (A) UDS showing poorly sustained bladder contractions in a patient with DESD. (8) UDS of a patient with 
AD and DESD. DESD, detrusor external sphincter dyssynergia; EMG, electromyelogram; Pabd, abdominal pressure; 


Pdet, detrusor pressure; Pves, vesical pressure. 


have symptoms that are difficult to differentiate or 
they may be asymptomatic given their altered 
sensation. This is particularly challenging in pa- 
tients with incontinence and incomplete bladder 
emptying, especially in aging men with benign 
prostatic enlargement or women with pelvic organ 
prolapse in whom other causes of dysfunction 
may be considered. 


AD 


In 1860, the first case of AD was described by 
Hilton’? as hot flushes in a patient with C5 SCI. 


Subsequent reports described a variety of symp- 
toms, including hot flushes, sweating with brady- 
cardia, and increase in blood pressure associated 
with a distended bladder.'*'* In 1947, Guttman 
and Whitteridge'® more fully described the auto- 
nomic response after distension of the abdominal 
viscera leading to effects on cardiovascular activity 
in subjects with SCI. 

AD occurs in approximately 60% of cervical and 
20% of thoracic SCI patients. The most common 
cause is bladder or rectal distension, either spon- 
taneous or by instrumentation (ie, UDS). Other 
causes include plugged catheters, urinary tract 
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stones, long bone fracture, decubitus ulcers, or 
even electroejaculation. 

A classic sign of AD is an increase in blood pres- 
sure with bradycardia, although true bradycardia 
is seen in only approximately 10% of patients. ° 
In fact, tachycardia or no significant change in 
heart rate is more common in patients with AD. 
Other signs may include cardiac arrhythmias, 
changes in skin temperatures (vasodilation above 
the spinal cord lesion, vasoconstriction below the 
spinal cord lesion), or changes in mentation. 

Common symptoms include sweating above the 
spinal cord lesion, pounding headache, hot 
flushes, piloerection, nasal congestion, dyspnea, 
and anxiety. Although we usually think of patients 
presenting with these classic symptoms, some 
patients may be entirely asymptomatic. A study 
by Linsenmeyer and colleagues!” demonstrated 
that 35 of 45 subjects with SCI above T6 were 
asymptomatic with a significant elevation of blood 
pressure. This emphasizes the importance of 
monitoring blood pressure during procedures in 
patients at risk for AD because significant changes 
in heart rate and blood pressure may be missed in 
an asymptomatic patient with possible devas- 
tating outcomes, including seizures, stroke, or 
even death. During UDS, it is generally recommen- 
ded to obtain a baseline blood pressure and cycle 
the blood pressure during regular intervals 
throughout the study (see Fig. 1B). 

When AD is recognized, the first course of action 
should be removal of the stimulus. Usually this 
means ensuring that a patient’s catheter is drain- 
ing correctly, checking for fecal impaction, or (if 
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Asymptomatic 


Yearly Follow-up 


Fig. 2. Treatment algorithm for patients with AD. 
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performing a urologic procedure) stopping and 
immediately emptying the bladder. It is also rec- 
ommended to move the patient upright and re- 
move any tight clothing or constrictive devices. 18 
If this does not alleviate symptoms and/or 
decrease blood pressure, the urologist can move 
to pharmacologic agents. 

No particular pharmacologic agent is preferred 
for acute AD. Multiple drugs have been used, 
including nifedipine, nitrates, captopril, terazosin, 
prazosin, phenoxybenzamine, and prostaglandin 
E2. Nifedipine, a calcium channel blocker, has 
been the most popular pharmacologic agent for 
management of acute AD. The usual dose is 
10 mg oral and the patient is asked to chew and 
swallow the medication for optimal absorption. 
The use of nifedipine is falling out of favor for pa- 
tients without SCI secondary to adverse events 
seen in management of hypertensive emergen- 
cies, including stroke, heart attack, severe hypo- 
tension, and death.'° Nitrates have been used for 
acute AD but should be used with caution because 
of drug interaction, especially in patients who use 
phosphodiesterase 5 inhibitors. Topical nitrates 
are easy to use and can be removed quickly if 
necessary. Typically, they are placed on the shoul- 
ders or arms, above the level of injury. If a patient 
has a history of AD, consideration of prophylaxis 
given 30 minutes before a urologic procedure, 
including UDS, would be appropriate (Fig. 2). 

Patients with recurrent AD can be managed pro- 
phylactically. Terazosin, nightly, at 5 mg has been 
used without change in blood pressure or erectile 
function.2° Vaidyanathan and colleagues?’ titrated 
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terazosin from 1 to 10 mg daily in 18 subjects with 
resolution of AD in all subjects. One subject 
required discontinuation secondary to dizziness. 
Although prophylaxis has been effective in pre- 
vention of AD, it is important to continue to monitor 
during any urologic procedure, including UDS. 
Other prophylactic medications include prazosin 
and phenoxybenzamine. Intravesical botulinum 
toxin and capsaicin have been demonstrated to 
decrease AD episodes but further studies are 
required. If conservative measures do not alleviate 
AD, sacral denervation has been described; how- 
ever, studies are conflicting on its effectiveness 
for eliminating AD. If prophylaxis does not ade- 
quately manage AD, the study can be performed 
under general anesthesia with close monitoring. 


Challenges of UDS in NLUTD 


UDS in patients with NLUTD may present chal- 
lenges not seen in neurologically intact patients. 
For example, many patients with NLUTD lack 
symptoms because of impaired or altered bladder 
sensation, or it may be difficult for the patient to 
define symptoms, such as timing of incontinence. 
Patients with NLUTD may have a difficult time 
describing whether leakage is associated with uri- 
nary urgency or stress maneuvers, such as trans- 
ferring in and out of a wheelchair. We know that 
degree of symptoms does not necessarily corre- 
late with findings on UDS in the neurologically 
intact patient, which also applies to patients with 
NLUTD. Importantly, the severity of symptoms 
does not always correlate with the magnitude of 
disease affecting the urinary tract.2*-2° This is 
particularly crucial to remember in patients at risk 
of upper tract deterioration, such as children with 
spinal dysraphism. Dator and colleagues** 
demonstrated a poor correlation between neuro- 
logic signs and symptoms and UDS assessment 
in 54 children with myelodysplasia. In addition, 
although we know that certain levels of injury in pa- 
tients with SCI tend to have certain types of 
bladder dysfunction, the exact status of the both 
the bladder and sphincter behavior cannot be in- 
ferred solely from the neurologic evaluation.2*:2* 
The importance of doing high-quality studies in 
subjects with NLUTD cannot be overstated 
because it is the only reliable indicator of the po- 
tential risk to upper tract deterioration and the 
optimal tool to guide appropriate lower urinary 
tract management. 


WHEN: BASELINE AND FOLLOW-UP STUDIES 
Spinal Shock 


Patients who experience an acute neurologic inci- 
dent, such as a stroke, traumatic brain injury, or 
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SCI, often develop detrusor areflexia from cerebral 
shock or spinal shock. Cerebral shock is poorly 
understood and development of urinary retention 
in stroke patients is likely multifactorial.2” These 
patients are often elderly and carry multiple co- 
morbidities as well as poor mobility, inability to 
communicate, impaired bladder sensation, and 
overdistention of the bladder. Return of bladder 
function is often unpredictable and has not been 
shown to have correlation with type or severity of 
stroke.?® 

In 1750, Whytt first described spinal shock as a 
loss of sensation accompanied by motor paralysis 
with gradual recovery of reflexes.2°°° The term 
shock was first used by Hall and colleagues?! in 
1841 in their work with frogs. Although the mech- 
anism of shock is unclear, the timing of return of 
reflexes has been well described.?? The bulboca- 
vernosus reflex and anal wink may never dis- 
appear or they may reappear hours after injury, 
whereas return of reflexive bladder function usu- 
ally takes at least 4 to 6 weeks. Incomplete spinal 
cord lesions may recover function in shorter 
periods of time, such as days or weeks.°° 


Initial Study 


Timing of the initial UDS study in patients with an 
acute neurologic injury depends on the return of 
their bladder reflexive function. Performing UDS 
during the spinal shock phase only necessitates 
another study once bladder function recovers. Re- 
covery of bladder function often manifests with in- 
continence between catheterizations as well as 
with new onset of lower extremity spasms.” If a 
patient does not develop incontinence, waiting 
3 months after injury is usually adequate with the 
patient performing intermittent catheterization. 

Recommendations for the timing of UDS in chil- 
dren with spinal dysraphism is not well defined. 
The International Consultation on Incontinence 
has the only recommendations about UDS in 
children, stating that “to help identify children at 
risk for subsequent urinary tract deterioration or 
a changing neurologic picture, initial UDS studies 
early in the neonatal period are recommended 
for children with myelodysplasia or occult spinal 
dysraphism.”** They go on to state that all patients 
with spinal dysraphism should undergo UDS and 
that timing and technique should be determined 
on an individual basis. 


Follow-up Studies 


It is recommended that patients with NLUTD have 
a yearly follow-up for symptom check. There is no 
current recommendation on routine imaging for 
patients with NLUTD. Yearly evaluation with a 
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renal and bladder ultrasound and abdominal 
radiograph to evaluate for hydronephrosis and 
stone disease is considered adequate by neurour- 
ologists. Serum chemistry to evaluate kidney func- 
tion is also helpful. 

The Good Urodynamic Practice Guidelines 
recommend repeating UDS if “the initial test sug- 
gests an abnormality, leaves cause of troublesome 
lower urinary tract symptoms unresolved, or if 
there are technical problems preventing proper 
analysis.”°° If these guidelines were followed, all 
patients with NLUTD would need to undergo 
repeated studies. When determining how often a 
patient with NLUTD requires UDS, the urologist 
should be asking if a repeat UDS will change the 
patient’s current bladder management. The Euro- 
pean Association of Urology guidelines recom- 
mend following the International Continence 
Society urodynamics standards that state that 
UDS is “essential in following up the natural history 
of the disease or for checking the efficacy of treat- 
ment.”3®37 The American Urological Association 
guidelines have no specific recommendations 
regarding follow-up studies.°*° 

There are various goals of treatment of patients 
with NLUTD, including®? 


e Upper urinary tract 
improvement 

e Absence or control of infection 

e Low storage pressures with adequate bladder 
capacity 

e Low voiding pressures with adequate 
emptying ability if not performing intermittent 
catheterization 


preservation or 


Blood Pressure 
Normalizes 


Consider Repeating 
Study in Future with 
Prophylaxis 


Terazosin $ mg 
(30 min before to study)! 


Consider study 
under anesthesia 


Fig. 3. Work-up algorithm for patients with NGB. 


Elevated Blood Pressure 


Empty Bladder 


Minimal or no incontinence 

Avoidance of indwelling catheter or stoma 

e Social acceptability and adaptability of 
bladder management 

e Vocational acceptability and adaptability of 

bladder management. 


Keeping these goals in mind, the urologist 
should consider repeating UDS if the patient re- 
ports a change in bladder behavior or if routine 
studies, such as blood work, renal ultrasound, or 
other imaging, are abnormal. 

What about the patients who are asymptom- 
atic? The importance of UDS evaluation in this 
patient population is reflected in a retrospective 
study by Nosseir and colleagues.°° They looked 
at 80 subjects with SCI who underwent UDS 
once a year for at least 5 consecutive years to 
determine how often treatment is modified 
based on UDS results. They defined treatment 
success as detrusor pressure less than 40 cm 
of water during filling and less than 90 cm of 
water during voiding, as well as absence of 
AD, less than three urinary tract infections per 
year, one continence pad per day, and no hy- 
dronephrosis or scarring on renal ultrasound. 
With a mean follow-up of 67.3 months, no sub- 
ject had signs of renal damage and 77 of 80 
(96%) subjects ultimately required treatment 
modification based on UDS findings during the 
study period. Of subjects who were symptom- 
atic at time of UDS, all of them had abnormal- 
ities. More importantly, 68% of clinical failures 
would have been undetected based on symp- 
toms alone. 


Blood Pressure 
Remains Elevated 


Nifedipine 10 mg 
(chewed) 


Nitropaste 1 inch 
(shoulder or arm) 


Blood Pressure 
Normalizes 


UDS can also be used to monitor patients before 
and after surgical interventions. Patients who have 
incontinence secondary to neurogenic detrusor 
activity require UDS to confirm the cause of incon- 
tinence before intravesical onabotulinumtoxinA in- 
jection. UDS may also be especially important for 
patients who reflex void and have undergone 
sphincterotomy. Failure of sphincterotomy has 
been defined as persistence of VUR or hydroneph- 
rosis, recurrent urinary tract infection, elevated 
postvoid residual volume, or persistent or recur- 
rent AD. Light and colleagues*° evaluated nine 
subjects who failed sphincterotomy and found 
that these subjects had low maximum intravesical 
pressures before voiding, suggesting detrusor hy- 
pocontractility. Long-term upper tract deteriora- 
tion after sphincterotomy has been associated 
with DLPP greater than 40 cm of water,*' suggest- 
ing that the initial sphincterotomy may need to be 
repeated. Fig. 3 summarizes the initial work up 
and follow-up algorithm for patients with NGB. 

Because UDS is time consuming, invasive, and 
has associated costs, attempts at using other clin- 
ical tools to assess a patient’s need for UDS have 
been explored. Pannek and colleagues“? looked at 
the use of detrusor wall thickness at various 
bladder volumes and its correlation to favorable 
UDS results and found that it was sensitive to 
determine the patients with no risk factors for renal 
damage; however, clinical parameters, such as 
detrusor overactivity and incontinence, could not 
be evaluated and may require further evaluation 
with UDS regardless of risk of renal damage. 


SUMMARY 


The main goal of management of a patient with 
NLUTD is to preserve renal function. UDS is the 
study of choice to identify patients at risk for upper 
tract deterioration as evidenced by high DLPP. 
This patient population presents a unique set of 
challenges because they often lack symptoms 
and/or the severity of symptoms does not corre- 
late with the extent of potential risk to the kidneys. 
Patients with acute injury should have initial evalu- 
ation once bladder function returns, which often 
occurs around 3 months after injury. Children 
with spinal dysraphism should have initial studies 
performed early in life to identify those at higher 
risk. Follow-up UDS are performed in patients 
with change in symptoms, impairment of renal 
function, or concerning imaging studies. 
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Pressure Flow Studies in 
Men and Women 


Sylvester E. Onyishi, MD, Christian O. Twiss, MD* 


KEYWORDS 


e Urodynamics ¢ Pressure flow study e Urinary obstruction ¢ Detrusor underactivity 


KEY POINTS 


e There are well-established pressure flow criteria for urinary obstruction in men. 

e The pressure flow criteria for female urinary obstruction are not well established because of differ- 
ences in female voiding dynamics compared with men; typically, other information such as radio- 
graphic data and clinical symptoms are needed to facilitate the diagnosis. 

e Detrusor underactivity remains a poorly studied clinical condition without definitive urodynamic 


diagnostic criteria. 


INTRODUCTION 


Pressure flow urodynamics study is a well- 
established diagnostic tool for evaluating bladder 
outlet obstruction in men. Nomograms such as 
the Abrams-Griffiths nomogram, the Passive Ure- 
thral Resistance Relation, and the ICS nomogram 
have been established and accepted for use in 
male voiding dysfunction. Parameters obtained 
from these nomograms, such as the Bladder Outlet 
Obstruction Index (BOOI), Qmax (maximum flow), 
and PdetQmax (detrusor pressure at maximum 
flow), have accepted cutoff values for defining 
bladder outlet obstruction (BOO) in men with 
benign prostatic hyperplasia (BPH) due to the 
high prevalence of BPH and the associated symp- 
toms. Because of differences in the anatomy of 
lower urinary tract and voiding dynamics between 
the sexes, established criteria for urodynamic 
obstruction in men do not apply to women, and 
there are currently no widely accepted cutoff 
values for defining BOO in women. 

Another cause of lower urinary tract symptoms 
(LUTS) that cannot be distinguished from BOO 
purely based on symptoms and uroflow study is 
detrusor underactvity (DU). Although this is not 
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as prevalent in men as BOO, it accounts for a sig- 
nificant proportion of men with LUTS and is com- 
mon in women with urinary retention.’ According 
to the International Continence Society (ICS), DU 
is defined as a detrusor contraction of inadequate 
magnitude and/or duration to effect complete 
bladder emptying in the absence of urethral 
obstruction. DU may arise de novo and coexist 
with BOO, and it can be a complication of long- 
standing untreated BOO. DU can only be diag- 
nosed via pressure flow studies. 

In this report, we strive to highlight the role of 
pressure flow studies (PFS) in diagnosis of BOO 
and DU and determine what is known about the ur- 
odynamic criteria to diagnose these conditions in 
men and women. 


BASICS OF PFS 


PFS are the essential urodynamic studies used to 
evaluate the voiding or emptying characteristics of 
the lower urinary tract by monitoring the detrusor 
pressure and uroflow simultaneously. Detrusor 
contractility and bladder outlet resistance are the 
2 main parameters determined from PFS. Three 
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fundamental voiding states may be identified in 
PFS: 


1. Low detrusor pressure and high flow rate, 
which signifies the unobstructed state 

2. High detrusor pressure and low flow rate, which 
signifies the obstructed state 

3. Low detrusor pressure and low flow rate, which 
is indicative of detrusor underactivity 


It is important to note that borderline cases with 
coexistence of obstruction and impaired contrac- 
tility are possible and that the above classifications 
are not absolute. The nomograms described 
below have been devised to interpret PFS based 
on the plot of the detrusor pressure at maximum 
urinary flow (PdetQmax) versus the maximum uri- 
nary flow rate (Qmax). Typical unobstructed and 
obstructed PFS are shown in Fig. 1.° Intravesical 
and abdominal pressures are measured using 
catheters with pressure transducer, whereas the 
detrusor pressure is calculated by subtracting 
the abdominal pressure from the intravesical 
pressure. 


MEASURING URODYNAMIC OBSTRUCTION 
PFS in Men 


In men, Qmax of less than 10 has been used as the 
cutoff to suggest obstruction.* About 90% of men 
with a Qmax less than 10 have obstruction.* On 
the other hand, 25% to 30% of men with 
decreased flow rate do not have obstruction.* 
Thus, decreased flow rate by itself is not sufficient 
to accurately diagnose outlet resistance, as it may 
be indicative of obstruction, impaired bladder 
contractility, or a combination of both. Simulta- 
neous measurement of detrusor pressure and 
flow rate during voiding helps distinguish the 
causes of reduced flow rate by simultaneously as- 
sessing detrusor and outlet function as they relate 
to voiding. 

To this end, several well-established nomo- 
grams and concepts have been advanced to cate- 
gorize the voiding pattern in men as obstructed, 
equivocal, or unobstructed. These are (1) the 
Abrams-Griffiths nomogram, (2) the Urethral Resis- 
tance Factor (URA), (3) the Passive Urethral Resis- 
tance Relation (PURR), and (4) the Linear Passive 
Urethral Resistance Relation (LinPURR).°® 


The Abrams-Griffiths Nomogram 


The data for the Abrams-Griffiths nomogram 
(Fig. 2) were originally obtained via PFS of 117 
men age 55 and older evaluated for possible 
BPH.®? By plotting PdetQmax on Y axis and 
Qmax on X axis, 3 zones are generated, 


representing obstructed, unobstructed, and 
equivocal micturition. The boundaries for the 
zones were created by a combination of theoret- 
ical and empiric observations. Specifically, pa- 
tients were classified clinically as obstructed or 
unobstructed based on clinical criteria established 
in the earlier work of Abrams and colleagues '°-'* 
before undergoing pressure flow studies. In addi- 
tion, the pressure flow plots were represented as 
obstructed or unobstructed based on separate 
sets of empiric criteria previously established by 
Bates and colleagues '° and Griffiths.'* The nomo- 
gram was then constructed by comparing the 2 
methods of assessment, clinically and from pres- 
sure flow plots. 

This nomogram has been used in studying the 
outcome of prostatectomy performed for BOO. 
Jensen and colleagues'® noted significant 
improvement in pressure flow parameters after 
prostatectomy in obstructed patients but not in 
unobstructed patients using this nomogram. The 
improvements in pressure flow parameters were 
noted to correlate with subjective improvement in 
LUTS. Other investigators subsequently dupli- 
cated these findings.°'® Thus, the utility of the 
nomogram is primarily in making an accurate diag- 
nosis of male BOO and identifying patients who 
are likely to benefit from surgical intervention. 

One of the early criticisms of the Abrams- 
Griffiths nomogram was the lack of a quantitative 
measure of obstruction. This eventually led to the 
formulation of the Abrams-Griffiths (AG) number 
from this nomogram. The Abrams-Griffiths nomo- 
gram and the AG number form the basis of the 
ICS nomogram as discussed later. Another issue 
is that the Abrams-Griffiths nomogram by its na- 
ture does not permit the diagnosis of impaired 
contractility with or without coexisting BOO. 


The Concept of the Urethral Resistance Factor 


In a separate work, Griffiths and colleagues!” 
derived a single parameter called urethral resis- 
tance factor (URA) for quantifying urethral resis- 
tance. This was derived from the pressure flow 
plots of men with obstruction caused by BPH. 
This model was largely based on the conceptuali- 
zation of the urethra as an active tube with an 
effective cross-sectional area. Flow is initiated in 
such a tube once the minimum pressure, termed 
urethral opening pressure (Puo) is reached or 
slightly exceeded. Once Puo is reached, voiding 
occurs, assuming that the urethra remains relaxed 
during voiding. Based on this concept, the authors 
generated a series of curves of constant resis- 
tance (Fig. 3) and noted that these closely follow 
the pressure flow plots under relaxed conditions. 
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Fig. 1. (A) Normal, unobstructed PFS shows normal detrusor pressure and urinary flow rate. (B) Obstructed PFS 
shows classic high detrusor pressure and low urinary flow rate. (From Griffiths D. Basics of pressure-flow studies. 


World J Urol 1995;13:31; with permission.) 


Any pair of pressure-flow (PQ) values occurring 
during micturition can thus be represented by a 
point on this graph and the value of the Puo for 
the curve on which the point lies represents the 
URA, expressed in cm H20. The authors also 


showed that URA can be calculated with the Equa- 
tion 1, which will give a valid number for URA even 
if the PQ plot does not follow the ideal form as de- 
picted in Fig. 3 as long as Qmax and correspond- 
ing PdetQmax are known. 
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Fig. 2. The Abrams-Griffiths nomogram. The Y-axis is detrusor pressure at maximum urinary flow (PdetQmax) and 
the X-axis is maximum urinary flow (Qmax). (From Lim CS, Abrams P. The Abrams-Griffith nomogram. World J Urol 


1995;13:35; with permission.) 
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where Q is the flow rate, Pdet is detrusor pressure, 
Puo the urethral opening pressure, and d is a con- 
stant related to cross-sectional area, c, of the ure- 
thra (d 5 Puo?/c and has a value of 3.8 x 1074) 
Griffiths and colleagues!” noted that it is not 
easy to define a single urethral resistance param- 
eter universally applicable to all groups (adults 
and children) because of the difference in the 
causes and locations of obstruction among 
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different groups of patients. For instance, in men, 
the etiology of outlet obstruction is most 
commonly BPH, but in women, outlet obstruction 
is uncommon and, when present, is typically 
both iatrogenic in nature and located proximally. 
In children, obstructions tend to be distal, such 
as meatal stenosis, and the PQ plots tend to be 
constrictive in nature versus compressive in 
adults. Thus, URA derived for adults may not be 
valid in children. The authors concluded that 
URA is better used for a specific group of patients 
with similar etiology of obstruction, in this case 
BPH, although the above equation was also noted 
to be a close approximation for cases of 
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Fig. 3. Pressure/flow curves for various constant values of URA from 10 to 150 cm H20. The filled circle represents 
a moment of voiding when detrusor pressure is 100 cm H20, and the urine flow rate is 10 mL/s. This point lies on 
the curve for URA of 40 cm H20. (From Griffiths D, Mastrigt RV, Bosch R. Quantification of Urethral resistance and 
bladder function during voiding, with special reference to the effects of prostate size reduction on urethral 
obstruction due to benign prostatic hyperplasia. Neurourol Urodyn 1989;8:20; with permission.) 


obstruction in adult women.'’ The URA cutoff 
value for obstruction is 29 and greater. 

Lim and Abrams? showed that the AG number 
and URA correlate quite well in the diagnosis of 
obstruction caused by BPH as depicted in the 
scatter diagram in Fig. 4. The data for comparison 
were obtained by calculating both the AG number 
and URA for pre- and post-prostatectomy pres- 
sure-flow data in 85 patients with BPH. The Pear- 
son correlation coefficient for the 2 factors is 0.9, 
which is an indication of good agreement between 
the 2 methods of assessment. The correlation is 
much better at lower grades of obstruction and 
in the unobstructed zones. 


Passive Urethral Resistance Relation 


In deriving the passive urethral resistance relation 
(PURR) curve (Fig. 5), the flow dynamics in the ure- 
thra/bladder outlet were modeled as flow in a 
distensible and collapsible tube in a perfectly 
relaxed condition. Similar to modeling the URA 
as discussed above, flow is also initiated in this 
model once the urethral opening pressure, Puo, 
is reached. The PURR is fundamentally based on 
the concept of the urethral resistance relation 
(URR) proposed by Griffiths.” 1418-19 This concept 
suggests that flow is initiated when intrinsic 
bladder pressure equals intrinsic urethral pres- 
sure, and the rate of flow increases sharply with 
further increases in intrinsic bladder pressure. 
Thus, the curve obtained by plotting Pdet versus 
Q during the course of a micturition event repre- 
sents urethral resistance to flow, independent of 
detrusor function. 

In an ideal condition, once flow is initiated, the 
flow rate increases, and the maximum flow rate 


Pressure Flow Studies in Men and Women 


is established in accordance with the maximum 
voiding pressure. Also, in this ideal condition, the 
outlet pressure near the end of voiding is same 
as that in the beginning. In addition to the Puo, 
the other critical parameter that governs the 
outflow condition in a perfectly relaxed bladder 
outlet is the effective cross-sectional area of the 
flow controlling zone, which, according to Scha- 
fer^19 is close to the genitourinary diaphragm. 
When there is an obstruction, however, the 
obstruction itself takes over the role of the flow 
controlling zone. Using these 2 parameters (ie, 
Puo reflecting the collapsible nature of the tube 
and, A, the effective cross sectional area) normal 
pressure/flow curves were fit to Equation 2 to 
obtain the PURR curve as shown in Fig. 6.19 
1 22 

Paet 5 Puo 1 c Q (2) 
where c 5 a constant 5 2A? 

Other inherent assumptions made in deriving 
this curve are that flow is steady through a con- 
stant cross-sectional area and that fluid viscosity 
and other energy losses are negligible. Based on 
the underlying model, PURR essentially describes 
the impact of a passive bladder outlet on voiding 
independent of bladder function. 

Schafer’ noted that the ideal PURR curve some- 
times deviated from normal PQ data in clinical 
voiding studies mainly because of variations in 
bladder outlet properties assumed to be constant 
in the ideal PURR. For instance, the opening pres- 
sure at the start of voiding tends to be higher than 
the pressure at the termination of voiding (recall 
that these were assumed to be the same in ideal 
situations). This deviation was noted to be related 
to the passive, viscoelastic relaxation of the outlet 
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Fig. 4. Scatter diagram of AG number versus URA. The Pearson correlation coefficient for the 2 factors is 0.9, 
which denotes good correlation between AG number and URA. (From Lim CS, Abrams P. The Abrams-Griffith 


nomogram. World J Urol 1995;13:37; with permission.) 
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Fig. 5. The normal PURR, as described in men, defines 
the potential relationship between pressure and flow 
rate determined by the bladder outlet. Lines of con- 
stant power representative of detrusor strength 
appear as hyperbolae. (From Schafer W. The contribu- 
tion of the bladder outlet to the relation between 
pressure and flow rate during micturition. In: Hinman 
F Jr, Boyarsky S, editors. Benign prostatic hypertrophy. 
New York: Springer-Verlag; 1983. p. 480; with 
permission.) 


tissues during distension. In addition, contraction 
of external sphincter may actively change the 
outflow conditions by decreasing the effective 
cross-sectional area or increasing the opening 
pressure and as such lead to a deviation from 
the ideal. This is especially true in a case of severe 
dyssynergic or dysfunctional voiding in which the 
actual passive state of the outlet may not even 
be reached. 

The PURR curves for obstructive BPH and ure- 
thral stricture disease (see Fig. 6) have been 
described, and the review of PURR curves for 
these two scenarios of obstruction greatly facili- 
tates the understanding of the concepts of urethral 
opening pressure and the urethral flow-controlling 
zone (region of lowest cross-sectional area) as 
they relate to voiding. In obstruction caused by 
BPH, the PURR is described as compressive and 
is shifted to the right, reflecting the increased 
opening pressure required to initiate voiding as 
the major process. In other words, the urethral 
wall exhibits reduced distensibility in BPH 
compared with the normal condition and, as 
such, higher pressure is required to open the ure- 
thra and initiate urinary flow. Once flow starts, 
however, further increases in pressure result in in- 
creases in flow. In stricture disease, the curve is 
described as constrictive and appears flat. The 
flat nature is deemed to be related to the decrease 
in the effective cross-sectional area of the flow- 
controlling zone. In this scenario, increases in 


pressure fail to result in significant increases in 
flow because of the reduced urethral cross- 
sectional area. In general, the PURR by position 
and slope provides information about opening 
pressure, which is a reflection of the degree of 
compressive obstruction and the effective lumen 
size of the flow rate controlling zone, which is 
a measure of degree of constrictive 
obstruction. ^ 1929 


Linear Passive Urethral Resistance Relation 


The nomograms and the tools for analyzing mictu- 
rition described thus far focus on the assessment 
of the bladder outlet. The linear passive urethral 
resistance relation (LinPURR) fully integrates the 
function of the detrusor and bladder outlet in 
describing the dynamics of micturition. To this 
end, the LinPURR was derived as a modified 
version of the PURR with straight lines instead of 
parabolic curves. 1871 

Conceptually, the detrusor can be described as 
a source of mechanical power for voiding and the 
bladder outlet as the physical entity that dissipates 
this power in the form of flow rate and pressure 
during voiding.'® The detrusor power is propor- 
tional to the filling volume of the bladder or, more 
precisely, the prestretched length of the detrusor 
muscle. Additionally, both detrusor pressure and 
urinary flow rate are expressions of detrusor power 
that have an inverse relationship. In other words, 
for a certain power generated by detrusor, which 
is dissipated by the bladder outlet in the form of 
flow rate and pressure, a high flow rate implies a 
low pressure and vice versa, as the product of 
the two must necessarily be constant. Based on 
this concept, a series of hyperbolic curves repre- 
senting the contractile capabilities of the detrusor 
for certain activation are superimposed on para- 
bolic curves similar to PURR curves representing 
the specific outflow condition. 

A linearized version of detrusor strength was 
derived and superimposed on the linear PURR 
for a composite graph that can be used to analyze 
voiding in terms of integrated detrusor and outlet 
function. Specifically, the two critical parameters 
used to construct the linear PURR are the opening 
pressure, Puo, which, as described previously, is 
the lowest detrusor pressure at which flow starts 
or stops, and the pressure at maximum flow rate, 
PdetQmax. A straight line connecting these two 
points on a pressure flow graph represents a sim- 
ple linear PURR, from which specific characteriza- 
tion of the individual outflow conditions during a 
single voiding event can be obtained. Several 
such points are plotted and different grades of 
obstruction delineated based on an indirect 
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Fig. 6. (A) The compressive PURR, typically found in prostatic obstruction, is characterized by higher opening 
pressure without major changes in the slope. (B) The constrictive PURR results from a decrease in the effective 
cross-sectional area, as reflected in the flat shape, without an increase in the normal opening pressure. This is 
typical for anterior urethral strictures. Flow rate changes little with increased detrusor power after the initial 
steep increase. (C) Comparison of normal, constrictive, and compressive PURR: notice that the slope of normal 
PURR is similar to compressive PURR, although compressive PURR is shifted to the right, reflecting the increase 
in the opening pressure, Puo. Normal PURR and constrictive PURR have similar opening pressures, but the curve 
of constrictive PURR is flat, reflecting decrease in effective cross-sectional area of the urethral flow controlling 
zone. (From [A, B] Schafer W. The contribution of the bladder outlet to the relation between pressure and 
flow rate during micturition. In: Hinman F Jr, Boyarsky S, editors. Benign prostatic hypertrophy. New York: 
Springer-Verlag; 1983. p. 482, with permission; and [C] Blavais J. Multichannel urodynamics studies. Urology 


1984;23(5):425, with permission.) 


approach from computerized analysis of a data- 
base of more than 2000 voiding studies with the 
PURR, Fig. 7.18 

The LinPURR curve was divided into 7 zones 
(0-VI) corresponding to increasing grades of 
obstruction, that is, zones 0 to | (unobstructed), 
zone Il (equivocal or mild obstruction), and zones 
Ill to VI (more severe grades of obstruction). The 
borderlines for the grading schemes were defined 
based on the Puo. It was suggested'® that such a 
detailed grading scheme (7 zones) would provide 
more meaningful information in the assessment of 
minor changes in outflow conditions as may be 
expected in drug trials compared with simpler 
classification schemes. This can be viewed as 
both a strength and a drawback because of the 
greater complexity involved compared with other 
nomograms. 


Linear grading of detrusor strength or contrac- 
tility is also implemented. It is categorized as 
strong, normal, weak, and very weak. It was noted 
that grading of detrusor strength is less reproduc- 
ible compared with the outlet function in this 
model. '® 


The ICS Nomogram 


In 1995, Lim and Abrams? noted that patients were 
identically classified by the Abrams-Griffiths 
nomogram and the LinPURR when compared.* 
The Abrams-Griffiths nomogram and the Urethral 
Resistance Factor also showed about 94% agree- 
ment in classifying degree of obstruction.°'” It 
was noted that when the Abrams-Griffiths nomo- 
gram is superimposed on the LinPURR curve, 
the line separating the obstructed zone from 
equivocal zone in the Abrams-Griffiths nomogram 
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Fig. 7. LinPURR. Figure shows how a patient with grade 2 obstruction caused by BPH (17/18 pre-TURP on the 
graph), was reclassified to grade 0 (19/20) post-TURP. Notice the 7 zones for grading obstruction and the 4 zones 
for grading detrusor contraction. (From Schafer W. Principle and clinical application of advanced urodynamic 
analysis of voiding function. Urol Clin North Am 1990;17:563; with permission.) 


is equivalent to the line separating zone Il from 
zone Ill on the LinPURR, which represents ob- 
structed and slightly obstructed, respectively 
(Fig. 8). This observation is significant given the 
relative simplicity of the Abrams-Griffiths nomo- 
gram compared with the more complex LinPURR. 

Lim and Abrams proceeded to derive the AG 
number from the equation of the line dividing the 
obstructed from the equivocal range in the 
Abrams-Griffiths nomogram. The Equation 3 is 
represented as: 


AG number 5 Pdet@Qmax — 2(Qmax) (3) 


where 2 is the gradient or slope of this line 

This line intercepts the pressure axis of the 
Abrams-Griffiths nomogram at 40 cm H20. There- 
fore, points in the obstructed zone will have AG 
numbers greater than 40, whereas points in the 
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equivocal and unobstructed zones will have AG 
numbers less than 40. By applying the same prin- 
ciple to the line separating the equivocal from the 
unobstructed zone, they concluded that most pa- 
tients with AG number less than 15 are unob- 
structed, whereas those with AG numbers 15 to 
40 are equivocal (Fig. 9).° In 1997, the provisional 
ICS recommendations adopted the equation for 
the AG number as standard for use in men with 
LUTS suggestive of BPH and has since renamed 
it the Bladder Outlet Obstruction Index (BOOI). 
This subsequently became the basis for the ICS 
nomogram (Fig. 10), and the cut off values were 
established as follows: BOOI greater than 40, ob- 
structed; BOOI 20 to 40, equivocal; and BOOI 
less than 20, unobstructed. 

The ICS nomogram with BOOI is a useful tool for 
the evaluation of patients with suspected bladder 


Fig. 8. The LinPURR superimposed on 
the Abrams-Griffiths nomogram. The 
boundary between zones 2 and 3 of 
the LinPURR is the same as the bound- 
ary between the obstructed and equiv- 
ocal zone in the Abrams-Griffiths 
nomogram. (From Lim CS, Abrams P. 
The Abrams-Griffith nomogram. World 
J Urol 1995;13:38; with permission.) 
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Fig. 9. The AG number. AG greater than 40, obstructed; AG of 15 to 40, equivocal; AG less than 15, majority un- 
obstructed. (From Lim CS, Abrams P. The Abrams-Griffith nomogram. World J Urol 1995;13:36; with permission.) 


outlet obstruction, especially when it clearly indi- 
cates obstruction or no obstruction. However, 
when patients fall into the equivocal range on the 
ICS nomogram, frequently other sources of infor- 
mation such as clinical symptom severity and 
response to therapeutic interventions are required 
to assist in treatment decision making. 


PFS in Women 


Parameters from PFS have been used to establish 
acceptable nomograms for men as outlined 
above. However, these nomograms are not 
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applicable to women for several reasons. First, 
because of anatomic differences, the voiding dy- 
namics differ significantly between men and 
women. Women typically void at lower detrusor 
pressures than men. Some women are able to 
void to completion by simply relaxing the pelvic 
floor musculature while others augment voiding 
by abdominal straining (valsalva voiding).?>?S In 
addition, the nomograms in men were established 
by extensively studying men with BPH, which is a 
highly prevalent condition. There is no equivalent 
prevalent condition consistently causing bladder 
outlet obstruction in women as BPH does in 
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Fig. 10. The provisional ICS nomogram for the analysis of voiding. Patients are divided into 3 classes according to 
the BOOI (BOOI 5 PdetQmax - 2 Qmax). Obstructed (BOOI>40); Equivocal (BOOI 5 20-40); Unobstructed 
(BOOI<20). (From Griffiths D, Hofner K, van Magstrigt R, et al. Standardization of terminology of lower urinary 
tract function: pressure-flow studies of voiding, urethral resistance and urethral obstruction. Neurourol Urodyn 


1997;16:10; with permission.) 
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men. The estimated prevalence of bladder outlet 
obstruction in women ranges between 2.7% and 
23%.°* 8 Some of the known causes of obstruc- 
tion in women include dysfunctional voiding, pri- 
mary bladder neck obstruction, uterovaginal 
prolapse, and complications of incontinence sur- 
gery.*° Attempts have been made to establish a 
standard for the diagnosis of BOO in women, 
and all can be grouped into 1 of 3 categories: (1) 
pressure flow cutoff criteria, (2) videourodynamics, 
and (3) nomograms. Although differences exist in 
both sexes with regard to pressure flow parame- 
ters that define outlet obstruction, the concept of 
high pressure, low flow voiding as the fundamental 
definition of outlet obstruction remains the same. 

Pressure flow cutoff values of Qmax less than 11 
to 15 mL/sec and PdetQmax greater than 20 to 25 
have been established by several authors as diag- 
nostic of female BOO using different study popula- 
tions and control groups.°° °° Another cutoff 
criterion proposed by Cormier and colleagues** 
is the use of the area under the curve of detrusor 
pressure during voiding adjusted for voided vol- 
ume. They performed linear discriminant analysis 
using traditional classification (obstructed, equiv- 
ocal, and unobstructed) based on clinical evalua- 
tion and pressure flow study data. The area 
under the curve of detrusor pressure adjusted for 
volume (AUCdet/vol) of 5.83 cm water/sec/mL 
separated the obstructed from equivocal cases, 
whereas AUCdet/vol of 2.56 cm water/sec/mL 
separated the equivocal from unobstructed cases. 
The agreement between these cutoff values based 
on linear discriminant analysis using AUCdet/vol 
and traditional classification was noted to be 
86%, 36%, and 57% in cases of unobstructed, 
equivocal, and obstructed, respectively.°* 

Nitti and colleagues® utilized radiographic evi- 
dence of obstruction on videourodynamic evalua- 
tion to assist in the diagnosis of female BOO. Their 
work involved a retrospective chart review of 261 
women with nonneurogenic voiding dysfunction. 
They argued that obstruction may be missed in 
some women if strict criteria of high pressure low 
flow voiding are used, as women typically void at 
lower detrusor pressures than men. Patients 
were classified as obstructed if there was radio- 
graphic evidence of a closed or narrow bladder 
neck during voiding or a discrete area of narrowing 
in the urethra associated with proximal dilation in 
the presence of sustained detrusor contraction of 
any magnitude with reduced or delayed urinary 
flow rate. When urodynamic parameters were 
compared, the obstructed cases had significantly 
higher mean PdetQmax (42.8 vs 22.1 cm H20), 
lower mean Qmax (9 vs 20.2 mL/s), and higher 
mean postvoid residual (157 vs 33 mL) than 


unobstructed cases. However, there was a wide 
range of values for these parameters as reflected 
in the standard deviation.*° Given the wide range 
of values observed, the authors proposed that 
strict cutoff values defining obstruction would 
lack specificity. 

In 2000, Blavais and Groutz** and Mahfouz and 
colleagues,*° proposed a nomogram for defining 
bladder outlet obstruction by reviewing a urody- 
namics database of 600 women. In constructing 
the nomogram, they used two parameters: free 
Qmax (free flow or noninvasive flow rate) instead 
of Qmax (invasive or pressure flow study) and 
Pdetmax (maximum detrusor pressure during 
voiding) instead of PdetQmax (detrusor pressure 
at maximum flow). This was due to the difficulty 
in performing uroflowmetry in women with the 
catheter in place, as the presence of a catheter 
tends to affect the urinary flow rate. Pdetmax 
was preferred over PdetQmax because (1) they 
found no statistically significant difference be- 
tween the two and (2) PdetQmax cannot be 
plotted in cases of urinary retention because there 
is no measurable flow (despite the possible pres- 
ence of a detrusor contraction). The criteria for 
defining BOO included one or more of the 
following: (1) free Qmax <12 mL/s in repeated 
free flow studies combined with sustained detru- 
sor contraction and PdetQmax >20 cm H20 in 
pressure flow study; (2) obvious radiographic evi- 
dence of bladder outlet obstruction in the pres- 
ence of a sustained detrusor contraction of at 
least 20 cm H20; or (3) inability to void with tran- 
surethral catheter in place despite sustained de- 
trusor contraction of at least 20 cm H20. 

Using cluster analysis, three clusters of free 
Qmax/Pdetmax plot were identified (Fig. 11): (1) 
low pressure/high flow, (2) high pressure/low 
flow, and (3) low-to-intermediate pressure/flow 
values. The low-to-intermediate pressure/flow 
cluster was subdivided into two categories, and 
together with the other clusters, a 4-zone nomo- 
gram was developed (Fig. 12). Using this nomo- 
gram, the authors noted that all of the obstructed 
women were correctly classified as obstructed 
and further subclassified as mildly obstructed 
(68%), moderately obstructed (24%), and severely 
obstructed (8%). They found a positive correlation 
between subjective severity of symptoms (as- 
sessed by American Urological Association Symp- 
tom Score) and the nomogram zones. Of the 
patients classified as unobstructed, the nomo- 
gram correctly identified 80% as unobstructed, 
8% as mildly obstructed, and 12% on the border- 
line between no obstruction and mild obstruction. 

This nomogram is a helpful tool in the diagnosis 
of female obstruction, but because of the 
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Fig. 11. Distributions of free Qmax versus Pdetmax plot according to clinical diagnosis. (From Blavais JG, 
Groutz A. Bladder outlet obstruction nomogram for women with lower urinary tract symptomatology. Neurourol 


Urodyn 2000;19:559; with permission.) 


variability in female voiding dynamics, the diag- 
nosis of female BOO remains difficult and often in- 
volves consideration of clinical, urodynamic, and 
radiographic data to make the final assessment. 
Additionally, the outcomes for surgical intervention 
(eg, transurethral resection of the prostate or sim- 
ple open prostatectomy) to treat obstruction in 
men are linked to a urodynamic diagnosis of 
obstruction, °''°:'° whereas there is a lack of similar 
such evidence in women undergoing surgical 
intervention for obstruction (eg, urethrolysis).°° 


pdet.max (cm H20) 


0 10 20 


MEASURING DETRUSOR UNDERACTIVITY 


DU remains an understudied clinical condition, 
and the understanding of the pathophysiology, 
diagnosis, and treatment remains rudimentary as 
documented in the 2010 International Consultation 
on Incontinence Research Society meeting.°’ 
About 10% to 20% of men with low flow have 
DU***° yet a Medline search for publications be- 
tween the year 1980 and 2010 using the terms de- 
trusor underactivity and underactive bladder 
yielded only 93 and 80 publications, respectively, 


140| SEVERE OBSTRUCTION (3) 
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Fig. 12. Bladder outlet obstruction nomogram for women. (From Blavais JG, Groutz A. Bladder outlet obstruction 
nomogram for women with lower urinary tract symptomatology. Neurourol Urodyn 2000;19:561; with 


permission.) 
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in the last 30 years.°’ This is in stark contrast to a 
similar search using the terms detrusor overactivity 
and overactive bladder, which yielded 1223 and 
2688 hits, respectively, within the same timeframe. 
Clearly, more emphasis has been placed on outlet 
function than bladder function during voiding. 

The pathophysiologic mechanism underlying 
DU secondary to long-standing BPH is believed 
to be owing to loss of detrusor muscle cells, 
collagen deposition, and axonal degeneration 
seen in the decompensation phase of the bladder 
in BOO caused by BPH.'*'~*° Other etiologies of 
DU include diabetes mellitus, neurologic problems 
involving the lumbosacral nerves, chronic UTI, and 
anticholinergic medications. 

The importance of proper diagnosis and distinc- 
tion between BOO and DU is underscored by the 
finding that surgical intervention geared toward 
relieving obstruction caused by BPH does not pro- 
vide lasting symptomatic relief of LUTS when the 
underlying etiology is in fact DU and not BOO.** 
In addition to the LinPURR discussed above, two 
other measures based on computer-urodynamic 
investigation and quantification of detrusor pres- 
sure during voiding have been suggested to quan- 
tify detrusor power or contractility. These are the 
(1) Griffiths Power (Watt) Factor and (2) the Bladder 
Contractility Index, which are discussed below. 


The Power (Watt) Factor 


Based on the concept of the Hill equation, which 
governs the fundamental relationship between 
the force of contraction and the speed of short- 
ening of a contracting muscle, the strength of de- 
trusor contraction may be expressed in terms of a 
combination of the detrusor pressure, flow rate, 
and bladder volume.'’*5 These parameters are 
used to calculate the Power (Watt) Factor, abbre- 
viated WF. This is considered representative of 
the mechanical power developed by the 


pdetOmax (cm H,O) 


Qmax (mL/s) 


contracting bladder or, alternatively, an estimate 
of the isovolumetric detrusor pressure that would 
develop if voiding were interrupted. The equations 
and derivation of the WF are beyond the scope of 
this report. 

WF varies during the entire course of voiding, 
and a representative value such as its maximum 
value (WFmax) or the value at maximum flow 
may be used to describe detrusor strength for a 
single micturition event. However, it remains 
controversial whether WFmax or value at 
maximum flow provides a better estimate of detru- 
sor strength for clinical application.°’ In addition, 
there is no widely accepted threshold value of 
WF for defining DU, although expert opinion sug- 
gests a WFmax of 7.0 W/m? may be used as a 
possible threshold.°” 


Bladder Contraction Index and the Composite 
Nomogram 


As previously noted in the LinPURR nomogram 
(see Fig. 7), bladder contractility can be catego- 
rized into 4 groups: strong, normal, weak, and 
very weak. The slope of the lines separating these 
categories is given by the formula in Equation 4. 
Because these lines are parallel to each other, 
they have the same slope.**° This formula 
describing the slope subsequently came to be 
known as the bladder contraction index (BCI). 


BCI5 Pdet Qmax1 5 Qmax (4) 


The intersections of these lines on the pressure 
axis of the LinPURR define the boundaries for the 
contractility groups; thus, BCI greater than 150 is 
considered strong contractility, 100 to 150 consti- 
tute normal contractility, and values less than 100 
are considered weak contractility (Fig. 13). Both 
BCI and BOOI can be calculated from the corre- 
sponding formulas (Equations 3 and 4) with or 
without nomograms and can be combined to 


Fig. 13. The Bladder contractility index 
(BCI) divides patients into 3 categories: 
strong (BCI>150), normal (BCI 5 100- 
150), and weak (BCI<100). (From 
Abrams P. Bladder outlet obstruction 
index, bladder contractility index and 
bladder voiding efficiency: three simple 
indices to define bladder voiding 
function. BJU Int 1999;84:15; with 
permission.) 
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categorize any group of men into 9 classes by 
combining the 3 obstruction categories and the 3 
contractility categories. The resulting spectrum of 
contractility and obstruction ranges from group 1 
(no obstruction and good contractility) to group 9 
(obstruction with weak contractility) (Fig. 14).° 
All the concepts for measuring and classifying 
detrusor underactivity were developed for adult 
men and not validated in women. It is also unclear 
whether they equally describe bladder power. No 
clear threshold values for defining detrusor under- 
activity have been established at this time. 


SUMMARY 


Clearly established pressure flow criteria exist for 
men that are useful in categorizing and assisting 
in decision making for male voiding dysfunction 
caused by obstruction. This report reviewed the 
various concepts and nomograms that ultimately 
contributed to the development of the ICS nomo- 
gram, which is widely used to evaluate male uri- 
nary obstruction. 

Similar pressure flow criteria have been devel- 
oped for diagnosing female urinary obstruction 
but are not as accurate or as widely accepted 
because of differences in the physiology of female 
voiding and the pathology of female urinary 
obstruction compared with male urinary obstruc- 
tion. Consequently, videourodynamics during 
pressure-flow study and consideration of clinical 
symptoms are typically used to assist in the final 
diagnosis of female bladder outlet obstruction. 

Because of a paucity of literature on detrusor 
underactivity in both men and women, detrusor 
underactivity remains a relatively poorly character- 
ized condition without clear objective diagnostic 
criteria. The modalities used to evaluate detrusor 
underactivity are the Power (Watt) Factor, the Lin- 
PURR nomogram, and the BCI Composite 
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Fig. 14. A composite nomogram allow- 
ing categorization of patients into 9 
zones based on BOOI and BCI. For 
instance, zone 1 represents patients 
with strong contractility and no 
obstruction, whereas zone 9 represents 
patients with weak contractility and 
obstruction. (From Abrams P. Bladder 
outlet obstruction index, bladder 
contractility index and bladder voiding 
efficiency: three simple indices to 
define bladder voiding function. BJU 
Int 1999;84:15; with permission.) 


nomogram, all of which were developed to analyze 
male voiding dysfunction. Overall, further investi- 
gation is needed to establish acceptable urody- 
namic criteria for defining detrusor underactivity 
in men and women. 
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